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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and system of providing 
a magneto-resistive sensor for reading data from a recording medium. 
SOLUTION: This method and system have a process step of providing a 
free layer (122") and a pin layer (108"). The free layer is a ferromagnetic 
material and has a first side and a second side facing the same. The pin 
layer has a direction of magnetization and is ferromagnetic. The direction 
of magnetization of the pin layer is fixed to a specified direction. The pin 
layer exists on the first side of the free layer. This method and system 
have a process step of providing a barrier layer for separating the first 
side of the free layer and the pin layer. The barrier layer (1 10") is an 
insulating layer having the thinness enough to permit the tunnel of the 
charge particles between the pin layer and the free layer. The method and 
system have also a process step of providing a rigid magnetic layer on the 
second side of the free layer. The rigid magnetic layer (116") magnetically 
deflects the free layer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] That it is the insulating layer characterized by providing the following, the hard magnetic layer in the 
aforementioned free layer 2nd side, and this hard magnetic layer are a magnetic-reluctance sensor which has deflecting 
the aforementioned free layer magnetically and which reads data in a record medium. The free layer which has 
ferromagnetism and has this, and the opposite-side 2nd side the 1st side. The pin layer which it has the direction of 
magnetization and is ferromagnetism. The direction of magnetization of this pin layer should be fixed in the specific 
direction. The barrier layer which separates that this pin layer is in the aforementioned free layer 1st side, and the free 
layer and the aforementioned pin layer of the 1st side of the above, and this barrier layer are thinness which is 
sufficient for permitting the tunnel of the charged particle between the aforementioned pin layer and the 
aforementioned free layer. 

[Claim 2] The magnetic-reluctance sensor indicated by the claim 1 which has further the nonmagnetic spacer layer 
arranged between the free layer of the 2nd side of the above, and the aforementioned hard magnetic layer. 
[Claim 3] The aforementioned nonmagnetic spacer layer is the magnetic-reluctance sensor indicated by the claim 2 
which is the layer which has conductivity. 

[Claim 4] The antiferromagnetism layer which adjoined the aforementioned fixed bed, and the aforementioned 
antiferromagnetism layer are the magnetic-reluctance sensor indicated by the claim 2 which has further that it is a layer 
for fixing the direction of magnetization of a pin layer in the specific direction. 

[Claim 5] The aforementioned pin layer is the magnetic-reluctance sensor indicated by the claim 2 which consists of a 
synthetic antiferromagnetism layer. 

[Claim 6] The aforementioned barrier layer is the magnetic-reluctance sensor indicated by the claim 2 which consists 
of an alumina. 

[Claim 7] The aforementioned hard magnetic layer is the magnetic-reluctance sensor indicated by the claim 2 which 
consists of a cobalt chromium platinum alloy (CoCrPt). 

[Claim 8] The aforementioned hard magnetic layer is the magnetic-reluctance sensor indicated by the claim 2 which 
consists of a cobalt platinum alloy (CoPt). 

[Claim 9] The aforementioned hard magnetic layer is the magnetic-reluctance sensor indicated by the claim 2 which 
consists of a cobalt chromium alloy (CoCr). 

[Claim 10] The aforementioned hard magnetic layer is the magnetic-reluctance sensor indicated by the claim 1 which 
has at least one sloping edge. 

[Claim 1 1] the above - the magnetic-reluctance sensor indicated by the claim 10 in which one sloping edge has about 
45-degree inclination even if few 

[Claim 12] It is the magnetic-reluctance sensor which the aforementioned hard magnetic layer has coercive force 
further, and the aforementioned free layer was exposed to the external magnetic field on the occasion of use, and was 
indicated by the claim 1 with the larger coercive force of the aforementioned hard magnetic layer than the 
aforementioned external magnetic field. 

[Claim 13] The aforementioned free layer is the magnetic-reluctance sensor which has the 2nd coercive force and was 
indicated by the claim 12 with the 2nd coercive force of the aforementioned free layer smaller than the aforementioned 
external magnetic field. 

[Claim 14] How to form the magnetic-reluctance sensor for reading data in a record medium characterized by 
providing the following, (a) The process which prepares a free layer. This free layer should have ferromagnetism and 
should have the this and opposite-side 2nd side the 1st side, (b) The process which prepares a pin layer. This pin layer 
has the direction of magnetization, and is ferromagnetism, and the direction of magnetization of this pin layer is being 
fixed in the specific direction, The process which prepares the barrier layer which separates that this pin layer is in the 
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aforementioned free layer 1st side, and the free layer and the aforementioned pin layer of the 1st side of (c) above, and 
this barrier layer are thinness which is sufficient for permitting the tunnel of the charged particle between the 
aforementioned pin layer and the aforementioned free layer. 

[Claim 1 5] (e) The method indicated by the claim 14 which has further the process which prepares the nonmagnetic 
spacer layer arranged between the free layer of the 2nd side of the above, and the aforementioned hard magnetic layer. 
[Claim 16] The aforementioned nonmagnetic spacer layer is the method indicated by the claim 15 which is a 
conductive layer. 

[Claim 17] (f) The process which adjoins the aforementioned pin layer and prepares an antiferromagnetism layer, and 
this antiferromagnetism layer are the method indicated by the claim 15 which has further that it is the layer which fixes 
the direction of magnetization of a pin layer in the specific direction. 

[Claim 18] The process (b) which prepares the aforementioned pin layer is the method indicated by the claim 15 which 
has further the process which prepares a synthetic (bl) antiferromagnetism layer. 

[Claim 19] The aforementioned barrier layer is the method indicated by the claim 15 which consists of an alumina. 
[Claim 20] The aforementioned hard magnetic layer is the method indicated by the claim 15 which consists of a cobalt 
chromium platinum alloy (CoCrPt). 

[Claim 21] The aforementioned hard magnetic layer is the method indicated by the claim 15 which consists of a cobalt 
platinum alloy (CoPt). 

[Claim 22] The aforementioned hard magnetic layer is the method indicated by the claim 1 5 which consists of a cobalt 
chromium alloy (CoCr). 

[Claim 23] The aforementioned hard magnetic layer is the method indicated by the claim 14 which has at least one 
sloping edge. 

[Claim 24] the above - the method indicated by the claim 23 in which one sloping edge has about 45-degree 
inclination even if few 

[Claim 25] It is the method which the aforementioned hard magnetic layer has coercive force, and the aforementioned 
free layer was exposed to the external magnetic field on the occasion of use, and was indicated by the claim 14 with the 
larger coercive force of the aforementioned hard magnetic layer than the aforementioned external magnetic field. 
[Claim 26] The aforementioned free layer is the method which has the 2nd coercive force and was indicated by the 
claim 25 with the 2nd coercive force of the aforementioned free layer smaller than the aforementioned external 
magnetic field. 

[Claim 27] How to form the magnetic-reluctance sensor for reading the information on a record medium characterized 
by providing the following, (a) The process which prepares the layer for fixing the direction of magnetization, (b) The 
process which prepares the 1 st ferromagnetic layer which adjoins the layer for fixing the direction of the 
aforementioned magnetization, and is used as a pin layer. This pin layer should have the direction of the magnetization 
fixed in the specific direction, (c) The process which forms the 1st insulator which adjoins the ferromagnetic layer of 
the above 1st and is used as a barrier layer, (d) The process which prepares the 2nd ferromagnetic layer which adjoins 
the 1st insulator of the above and is used as a free layer, That this the ferromagnetic having [ this 2nd ferromagnetic 
layer ]-the 1st and 2nd side and 2nd layer 1st side adjoins the 1st insulator of the above, and the 1st insulator of the 
above It has the thinness which is sufficient for permitting the tunnel of the charged particle between the ferromagnetic 
layer of the above 1st, and the 2nd ferromagnetic layer, (e) The process which prepares a hard magnetic layer in the 
aforementioned free layer 2nd side, and the aforementioned hard magnetic layer deflect the aforementioned free layer 
magnetically, (f) The process which ********** s the layer for fixing the direction of the aforementioned 
magnetization, the 1st ferromagnetic layer, an insulating layer, the 2nd ferromagnetic layer, and a hard magnetic layer, 
and specifies the configuration of a sensor, That the aforementioned sensor has the 1st and 2nd edges and the process 
which forms the 2nd insulator in the 1st of the (g) aforementioned sensor, and the 2nd edge, (h) Carry out electrical 
connection of the process which establishes the 1st and 2nd leads, and the 1st aforementioned lead to the ferromagnetic 
layer of the above 1st, and carry out electrical connection of the 2nd aforementioned lead to the ferromagnetic layer of 
the above 2nd. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to magnetic recording. It is related with the 
method and system for preparing junction of the tunnel magnetic reluctance which suits high-density magnetic 
recording especially. 
[0002] 

[Description of the Prior Art] Junction of tunnel magnetic reluctance, i.e., TMR, is having be interesting in recent years 
for the possibility of use to reading of the record medium in a magnetoresistive head, i.e., an MR head. Drawin g 1 (a) 
shows the side elevation of the conventional TMR sensor 10. Draw ing 1 (a) shows the 1st and 2nd shields 24 and 26, 
the 1st, and 2nd gaps 20 and 22, leads 1 1 and 19, and the TMR sensor 10. 

[0003] Drawing. 1 (b) shows the side elevation of the conventional TMR sensor 10 seen from the field exposed to air, 
i.e., the magnetic material which uses the TMR sensor 10. In addition to the TMR sensor 10, drawing 1 (b) shows the 
leads 1 1 and 19, the 1st, and 2nd gaps 20 and 22, respectively. The conventional shields 24 and 26 which surround the 
conventional TMR sensor 10 partially are not shown in drawin g 1 (b). The conventional TMR sensor 10 has the 
conventional antiferromagnetism layer (henceforth an AFM layer) 12, the conventional pin layer 14, the conventional 
barrier layer 16, and the conventional free layer 18. The TMR junction for the TMR sensor 10 consists of an interface 
between the conventional pin layer 14, the conventional barrier layer 16, and the conventional free layer 18. A part of 
the 1st surrounding some TMR sensors 10 and 2nd gaps 20 and 22 are shown. The conventional pin layer 14 and the 
conventional conventional free layer 18 are ferromagnetism. Since the conventional pin layer 14 is magnetically 
combined with the conventional AFM layer 12, the direction of magnetization is being fixed. The conventional AFM 
layer 12 has the thickness of about 100-300A. The conventional pin layer 14 has the thickness of about 20-100A. 
Instead of the conventional pin layer 14 which consists of a ferromagnetic layer of a monolayer, there is a TMR sensor 
10 also with a bird clapper from the synthetic AFM layer which consists of the AFM layer and two ferromagnetic 
layers which were separated by the non-magnetic layer. The conventional barrier layer 16 has the thickness of 5-20A, 
and the conventional free layer 18 has the thickness of 3 0-1 00 A typically. 

[0004] Although the inside of the flat surface of space is turned to when an external magnetic field does not exist, the 
direction of magnetization of the conventional free layer 18 of the TMR sensor 10 answers an external magnetic field, 
and is rotated freely. The conventional free layer 18 consists of two-layer [ of cobalt (Co), a cobalt iron alloy 
(Co90FelO) or a cobalt iron alloy (Co90FelO), and a permalloy ] typically. The direction of magnetization of the 
conventional pin layer 14 is being perpendicularly fixed to the flat surface of space. The conventional pin layer 14 
consists of cobalt (Co), iron (Fe), nickel (nickel), a ferronickel alloy (NiFe), and a cobalt iron alloy (CoFe) typically. 
The conventional barrier layer 16 consists of an aluminum oxide (aluminum 203) typically. 
[0005] In order for the conventional TMR sensor 10 to function, a bias current drives among the leads 1 1 and 19 
perpendicular to the flat surface of the layers 12, 14, 16, and 18 of the conventional TMR sensor 10. Therefore, the 
TMR sensor 10 is well-known as CPP junction which passes current to a film surface perpendicular direction. The 
sense of a bias current is shown by the arrow 25. It is thought that it calls at the spin polarization tunnel of the electron 
between the conventional free layer 18 and the conventional pin layer 14, the conventional magnetoresistance effect, 
i.e., MR effect, of the TMR sensor 10. Therefore, a spin polarization electron tunnels the conventional barrier layer, 
and gives the magnetoresistance effect. When the direction of magnetization of the conventional free layer 18 is 
parallel or anti-parallel to the direction of magnetization of the conventional pin layer 14, resistance of the 
conventional TMR sensor 10 is minimized or maximized, respectively. Furthermore, when an external magnetic field 
is not impressed, the direction of magnetization of the conventional free layer 18 is deflected at right angles to the 
direction of magnetization of the conventional pin layer 14, as shown in drawin g 1 (b). The magnetic reluctance of MR 
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sensor, i.e., MR, is the difference of the maximum resistance of this MR sensor, and a minimum-drag value. Typically, 
it calls deltaR/R, the magnetic-reluctance rate of change, i.e., MR ratio, of MR sensor, and it is given at percent. The 
typical magnetic reluctance of the conventional TMR sensor is about 20%. Since it has high MR ratio, the TMR sensor 
10 is expected as high-density record, for example, a 1 square inch, i.e., a MR sensor for using it to high-density record 
of 40 gigabits per two (Gb) 6.45cm. 

[0006] The conventional TMR sensor 10 functions in the use over high-density record, and although it may be used, 
this contractor will notice easily that the conventional free layer 18 is not deflected magnetically. Consequently, some 
troubles arise. In the first place, the response of the TMR sensor 10 does not exist to the alignment field of the transfer 
function of the reader which used the TMR sensor 10. Therefore, linearization of the TMR sensor 10 is not carried out. 
Consequently, the response of the conventional TMR sensor 10 changes with magnetic fields impressed. Therefore, the 
response of the TMR sensor about a positive and negative magnetic pulse did not have the same size or the same 
configuration, and was not desirable. 

[0007] For example, drawing 2 shows the response 40 of the TMR sensor 10 which is not deflecting the conventional 
free layer 1 8 magnetically. The TMR sensor 10 as a seed layer as (Tantalum Ta) 50A and an AFM layer 12 by which 
the former was compounded 30A (NiFe) of ferronickel alloys, Copper (Cu) 10A and 70A (IrMn) of iridium manganese 
alloys, As a conventional pin layer 14, it has alumina 5 A as 20A (CoFe) of cobalt iron alloys, and a conventional 
barrier layer 16, and has 20A (CoFe) of cobalt iron alloys, and 20A (NiFe) of ferronickel alloys as a conventional free 
layer. In order for the TMR sensor 10 not to deflect the conventional free layer 18 magnetically, it is shown that a 
graph 40 has the magnetic reluctance of the TMR sensor 10, and MR has the property of a hysteresis. If it puts in 
another way, MR of the conventional TMR sensor 10 does not have linearity to the impressed magnetic field 
depending on the history of the TMR sensor 10. Therefore, when used as a MR sensor, the conventional TMR sensor 
10 does not read correctly the data memorized by the conventional record medium (not shown). 
[0008] Furthermore, when the conventional free layer 18 of the conventional TMR sensor 10 is not deflected 
magnetically, the conventional free layer 18 may not have single magnetic-domain structure. Instead of having single 
magnetic-domain structure, the free layer 18 will be eased in the multi-magnetic-domain state. When the conventional 
free layer 1 8 does not have single magnetic-domain structure, the response of the conventional free layer may be 
influenced of a Barkhausen noise. Furthermore, the response of the TMR sensor 10 may include a hysteresis. These 
phenomena result in the change and the noise in the signal given by the TMR sensor 10. 

[0009] When the conventional TMR sensor 10 is the conventional spin bulb (not shown), the conventional free layer 
18 is deflected by adjoining the conventional TMR sensor 10 and preparing the hard magnetic substance. As typically 
shown in drawin g 1 (b), the hard magnetic substance is arranged at right and left of the conventional TMR sensor 10. 
Therefore, a part of the 1st which adjoined the TMR sensor 10, and 2nd gaps 20 and 22 are filled up with the hard 
magnetic substance. The hard magnetic substance used typically has conductivity. For example, one of the hard 
magnetic substance used typically is a cobalt chromium platinum alloy (CoCrPt). Therefore, such the hard magnetic 
substance short-circuits the TMR sensor 10. If it puts in another way, the current between lead 1 1 and 19 will flow the 
inside of the conductive hard magnetic substance rather than will pass through the inside of the TMR sensor 10. The 
TMR sensor 10 stops therefore, functioning. 

[0010] Consequently, conventional TMR sensor 10' shown in drawing 3 was developed. Conventional TMR sensor 10' 
has the structure of the same a large number substantially with the conventional TMR sensor 10 shown in drawing 1 
(a) and (b). Drawin g 1 (a), 1 (b), and 3 are referred to. The structure of conventional TMR sensor 10 ! attaches the 
number like the structure of the TMR sensor 10. for example, - the former - TMR - a sensor ~ ten - ' - the former - 
antiferromagnetism - a layer - namely, - AFM ~ a layer - 12 -- 1 - the former - a pin - a layer - 14 ' the 
former - an insulating layer 16 - 1 - and - the former - free - a layer - 18 - ' -- having . Lead 1 1' and 19' are also 
shown in drawin g 3 . The insulating gap which may surround a part of MR head shown in drawin g,! is not shown. 
Furthermore, insulator 24', and 26' and the hard magnetic substance 28 and 30 are shown. The thickness of insulator 
24' and 26' is hundreds ofA typically. 

[001 1] Since it is relatively thick, as for insulator 24' and 26', insulator 24' and 26' separate each of the hard magnetic 
substance 28 and 30 from conventional TMR sensor 10' physically and electrically. Therefore, since the hard magnetic 
substance 28 and 30 does not short-circuit conventional TMR sensor 10', the hard magnetic substance 28 and 30 
becomes usable to the magnetic deviation of free layer 18', without short-circuiting conventional TMR sensor 10'. 
Therefore, conventional TMR sensor 10' does not show linearity more as compared with the conventional TMR sensor 
10 which is not equipped with the free layer deflected magnetically. Furthermore, free layer 18' becomes easier to have 
single magnetic-domain structure. 

[0012] Although it became possible to deflect conventional free layer 18' magnetically by forming the hard magnetic 
substance 28 and 30, this contractor will hit on an idea of the hard magnetic substance 28 and 30 easily not to deflect 
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conventional free layer 18' even to a desirable grade effectively. The hard magnetic substance 28 and 30 is physically 
separated from free layer 1 8 1 by a part of insulator 24' and each 26\ Consequently, in the field of free layer 1 8', the 
magnetic field generated with the hard magnetic substance 28 and 30 near the hard magnetic substance 28 and 30 
becomes small. Therefore, the hard magnetic substance 28 and 30 was not so effective in making a desirable grade 
deflect free layer 1 8 1 magnetically. The response of free layer 1 8 f becomes more nearly nonlinear than a desirable 
grade. Consequently, TMR sensor 10' was not more effective than a desirable grade in reading of the data memorized 
by the magnetic-recording medium. Furthermore, free layer 18' does not become single magnetic-domain structure. 
[0013] Therefore, the system and method for preparing the TMR junction with the free layer deflected magnetically 
more effectively were needed, this invention receives such need. 
[0014] 

[Problem(s) to be Solved by the Invention] this invention offers the method and system for forming the magnetic- 
reluctance sensor for reading data in a record medium. This method and system have the process which prepares a free 
layer and a pin layer. A free layer has ferromagnetism and has the opposite-side 2nd side the 1st and 1st side. A pin 
layer has the direction of magnetization and is ferromagnetism. The direction of magnetization of a pin layer is being 
fixed in the specific direction. A pin layer is in the free layer 1st side. The method and system of this invention also 
have the process which prepares the barrier layer which separates the 1st near free layer and near pin layer. Since the 
tunnel of the charged particle between a pin layer and a free layer is permitted, a barrier layer is an insulating layer thin 
enough. This method and system also have the process which prepares a hard magnetic layer in the free layer 2nd side. 
A hard magnetic layer deflects a free layer magnetically. 

[0015] By the system and method which were indicated below, this invention offers the magnetic-reluctance sensor 

which deflected the free layer magnetically effectively. 

[0016] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, invention according to claim 1 The 
free layer which has ferromagnetism and has this, and the opposite-side 2nd side the 1st side, It has the direction of 
magnetization and the direction of magnetization of the pin layer which is ferromagnetism, and this pin layer is being 
fixed in the specific direction, The barrier layer which separates that this pin layer is located in the aforementioned free 
layer 1st side, and the free layer and the aforementioned pin layer of the 1st side of the above, and this barrier layer It is 
the insulating layer equipped with the thinness which is sufficient for permitting the tunnel of the charged particle 
between the aforementioned pin layer and the aforementioned free layer, The hard magnetic layer in the 
aforementioned free layer 2nd side and this hard magnetic layer make a summary the magnetic-reluctance sensor 
which has deflecting the aforementioned free layer magnetically and which reads data in a record medium. 
[0017] Invention according to claim 2 makes it a summary to have further the nonmagnetic spacer layer arranged 
between the free layer of the 2nd side of the above, and the aforementioned hard magnetic layer in the magnetic- 
reluctance sensor indicated by the claim 1 . 

[001 8] Let it be a summary for the aforementioned nonmagnetic spacer layer to be a layer which has conductivity in 
the magnetic-reluctance sensor by which invention according to claim 3 was indicated by the claim 2. In the magnetic- 
reluctance sensor by which invention according to claim 4 was indicated by the claim 2, the antiferromagnetism layer 
which adjoined the aforementioned fixed bed, and the aforementioned antiferromagnetism layer make it a summary to 
have that it is a layer for fixing the direction of magnetization of a pin layer in the specific direction. 
[0019] In the magnetic-reluctance sensor by which invention according to claim 5 was indicated by the claim 2, the 
aforementioned pin layer makes it a summary to have a synthetic antiferromagnetism layer. In the magnetic-reluctance 
sensor by which invention according to claim 6 was indicated by the claim 2, the aforementioned barrier layer makes a 
bird clapper a summary from an alumina. 

[0020] In the magnetic-reluctance sensor by which invention according to claim 7 was indicated by the claim 2, the 
aforementioned hard magnetic layer makes a bird clapper a summary from a cobalt chromium platinum alloy. In the 
magnetic-reluctance sensor by which invention according to claim 8 was indicated by the claim 2, the aforementioned 
hard magnetic layer makes a bird clapper a summary from a cobalt platinum alloy. 

[0021] In the magnetic-reluctance sensor by which invention according to claim 9 was indicated by the claim 2, the 
aforementioned hard magnetic layer makes a bird clapper a summary from a cobalt chromium alloy. In the magnetic- 
reluctance sensor by which invention according to claim 10 was indicated by the claim 1, the aforementioned hard 
magnetic layer makes it a summary to have at least one sloping edge. 

[0022] the magnetic-reluctance sensor by which invention according to claim 1 1 was indicated by the claim 10 -- 
setting - the above - let it be a summary for one sloping edge to have about 45-degree inclination, even if few 
[0023] In the magnetic-reluctance sensor by which invention according to claim 12 was indicated by the claim 1, the 
aforementioned hard magnetic layer has coercive force, the aforementioned free layer is exposed to an external 
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magnetic field in the case of use, and the coercive force of the aforementioned hard magnetic layer makes it a summary 
to be larger than the aforementioned external magnetic field. 

[0024] In the magnetic-reluctance sensor by which invention according to claim 13 was indicated by the claim 12, the 
aforementioned free layer has the 2nd coercive force, and the 2nd coercive force of the aforementioned free layer 
makes it a summary to be smaller than the aforementioned external magnetic field. 

[0025] In the method of forming the magnetic-reluctance sensor for invention according to claim 14 reading data in a 
record medium The process which prepares a free layer, and this free layer have ferromagnetism, and it has the this and 
opposite-side 2nd side the 1st side, The process which prepares a pin layer, and this pin layer have the direction of 
magnetization, and are ferromagnetism, and the direction of magnetization of this pin layer is being fixed in the 
specific direction, The process which prepares the barrier layer which separates that this pin layer is in the 
aforementioned free layer 1st side, and the aforementioned free layer 1st side, and the aforementioned pin layer, and 
this barrier layer It is the insulating layer equipped with the thinness which is sufficient for permitting the tunnel of the 
charged particle between the aforementioned pin layer and the aforementioned free layer, Let it be a summary to have 
that the process which prepares a hard magnetic layer in the aforementioned free layer 2nd side, and the 
aforementioned hard magnetic layer are layers for deflecting the aforementioned free layer magnetically. <BR> [0026] 
Invention according to claim 15 makes it a summary to have had further the process which prepares the nonmagnetic 
spacer layer arranged between the aforementioned hard magnetic layers the aforementioned free layer 2nd side in the 
method indicated by the claim 14. 

[0027] Let it be a summary for the aforementioned nonmagnetic spacer layer to be a conductive layer in the method by 
which invention according to claim 16 was indicated by the claim 1 5. Let it be a summary to have further that the 
process which invention according to claim 17 adjoins the aforementioned pin layer in the method indicated by the 
claim 15, and prepares an antiferromagnetism layer, and this antiferromagnetism layer are layers which fix the 
direction of magnetization of a pin layer in the specific direction. 

[0028] In the method by which invention according to claim 18 was indicated by the claim 15, the process which 
prepares the aforementioned pin layer makes it a summary to have further the process which prepares a synthetic 
antiferromagnetism layer. 

[0029] In the method by which invention according to claim 19 was indicated by the claim 15, the aforementioned 
barrier layer makes a bird clapper a summary from an alumina. In the method by which invention according to claim 
20 was indicated by the claim 15, the aforementioned hard magnetic layer makes a bird clapper a summary from a 
cobalt chromium platinum alloy. 

[0030] In the method by which invention according to claim 21 was indicated by the claim 15, the aforementioned hard 
magnetic layer makes a bird clapper a summary from a cobalt platinum alloy. In the method by which invention 
according to claim 22 was indicated by the claim 15, the aforementioned hard magnetic layer makes a bird clapper a 
summary from a cobalt chromium alloy. 

[0031] In the method by which invention according to claim 23 was indicated by the claim 14, the aforementioned hard 
magnetic layer makes it a summary to have at least one sloping edge, the method by which invention according to 
claim 24 was indicated by the claim 23 - setting - the above ~ let it be a summary for one sloping edge to have about 
45-degree inclination, even if few 

[0032] In the method by which invention according to claim 25 was indicated by the claim 14, the aforementioned hard 
magnetic layer has coercive force further, the aforementioned free layer is exposed to an external magnetic field in the 
case of use, and the coercive force of the aforementioned hard magnetic layer makes it a summary to be larger than the 
aforementioned external magnetic field. 

[0033] In the method by which invention according to claim 26 was indicated by the claim 25, the aforementioned free 
layer has the 2nd coercive force, and the 2nd coercive force of the aforementioned free layer makes it a summary to be 
smaller than the aforementioned external magnetic field. 

[0034] In the method of forming the magnetic-reluctance sensor for invention according to claim 27 reading the 
information on a record medium The layer for fixing the process which prepares the layer for fixing the direction of 
magnetization, and the direction of the aforementioned magnetization is adjoined. It has the direction of the 
magnetization fixed in the direction of specification [ the process which prepares the 1st ferromagnetic layer used as a 
pin layer, and this pin layer ], The process which forms the 1st insulator which adjoins the ferromagnetic layer of the 
above 1st and is used as a barrier layer, The process which prepares the 2nd ferromagnetic layer which adjoins the 1st 
insulator of the above and is used as a free layer, That this the ferromagnetic having [ this 2nd ferromagnetic layer ]-the 
1st and 2nd side and 2nd layer 1st side adjoins the 1st insulator of the above, and the 1st insulator of the above It has 
the thinness which is sufficient for permitting the tunnel of the charged particle between the ferromagnetic layer of the 
above 1st, and the 2nd ferromagnetic layer, The process which prepares a hard magnetic layer in the aforementioned 
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free layer 2nd side, and the aforementioned hard magnetic layer deflect the aforementioned free layer magnetically, 
The process which ********** s the layer for fixing the direction of the aforementioned magnetization, the 1st 
ferromagnetic layer, an insulating layer, the 2nd ferromagnetic layer, and a hard magnetic layer, and specifies the 
configuration of a sensor, That the aforementioned sensor has the 1st and 2nd edges and the process which forms the 
2nd insulator in the 1st of the aforementioned sensor, and the 2nd edge, Let it be a summary to have carrying out 
electrical connection of the process which establishes the 1st and 2nd leads, and the 1st aforementioned lead to the 
ferromagnetic layer of the above 1st, and carrying out electrical connection of the 2nd aforementioned lead to the 
ferromagnetic layer of the above 2nd. 
[0035] 

[Embodiments of the Invention] this invention relates to improvement of magnetic-recording technology. The 
following publications are made as [ enable / to manufacture and use this invention / this contractor ], and are offered 
as a content of a matter required for patent application and it. The various change to the gestalt of suitable operation is 
clear to this contractor, and the indicated essential principle is applied also to the gestalt of other operations. Therefore, 
this invention is a thing which is not restricted to the gestalt of the following operations and follows a principle and the 
feature and which is most accepted in the latus range. 

[0036] The conventional TMR sensor was leaning the interest for the use over high-density record. For example, the 
conventional TMR sensor in recent years is leaning the interest as 40 Gb/inch two or more, i.e., the reader of the 
material recorded by the density of 40 or more Gbs per two 6.45cm. However, the conventional TMR sensor had some 
faults. The free layer of the conventional TMR sensor was difficult to deviate magnetically. When the conventional 
free layer is not deflected magnetically, the response of the conventional TMR sensor does not become in alignment. 
When the edge of the conventional TMR sensor is adjoined and the conventional hard magnetic layer has been 
arranged, the conventional hard magnetic layer will short-circuit the conventional TMR sensor, and will be made into 
impotentia of operation. When the conventional insulating layer had been arranged between the edge of the 
conventional TMR sensor, and the hard magnetic layer, the conventional TMR sensor was not short-circuited. 
However, the conventional hard magnetic layer cannot deflect the conventional free layer appropriately for the distance 
between the conventional free layer and the conventional hard magnetic layer. 

[0037] this invention offers the magnetic-reluctance sensor and its production method for reading data in a record 
medium. This method and system have the process which prepares a free layer and a pin layer. A free layer has 
ferromagnetism and has the opposite-side 2nd side the 1st and 1st side. A pin layer has the direction of magnetization 
and has ferromagnetism. The direction of magnetization of a pin layer is being fixed in the specific direction. A pin 
layer is in the free layer 1st side. The method and system of this invention also have the process which prepares the 
barrier layer which separates the 1 st near free layer and near pin layer. Since the tunnel of the charged particle between 
a pin layer and a free layer is permitted, a barrier layer is an insulating layer thin enough. This method and system also 
have the process which prepares a hard magnetic layer in the free layer 2nd side. A hard magnetic layer deflects a free 
layer magnetically. 

[0038] this invention is indicated about the form of specific operation of a TMR sensor. However, this contractor hits 
on an idea easily to this method and system acting effectively also about the form of the substitute implementation with 
other materials or other components. Furthermore, this invention has indicated how to form the TMR sensor by this 
invention in accordance with the turn of a specific method. However, to other methods which replaced turn with and 
adopted a different process, it is [ this invention ] contradictory, it is twisted, and this contractor hits on an idea easily 
especially. Furthermore, although the TMR sensor by this invention is indicated as a sensor simple substance, the TMR 
sensor of this invention is usable to a reading head or a combined head for which the both sides of reading and writing 
are possible to a medium. 

[0039] In order to show the method and system by this invention more concretely, drawin g 4 (a) which shows the plan 
which observed the TMR sensor 100 by this invention from the field exposed to a side elevation and air, respectively, 
and (b) are referred to. Drawing 4 (a) shows the TMR sensor 100, the 1st lead 122, the 2nd lead 124, the 1st gap 104, 
the 2nd gap 126, the 1st shield 102, and the 2nd shield 128. The front face which touches height [ of the stripe of the 
TMR sensor 100 ] h and the air of a magnetic material 101 which should be read is also shown in drawin g 4 (a). 
Magnetically, since it can penetrate, generally the 1st shield 102 and the 2nd shield 128 have conductivity. Each of the 
1st and 2nd shields 102 and 128 is intercepted so that the TMR sensor 100 may not be exposed to any magnetic fields 
other than the magnetic field of the bit in the magnetic material 101 which should be read (not shown to drawi ng 4 (a)). 
Typically, the 1st gap 104 and the 2nd gap 126 are insulators, and separate the TMR sensor 100 from shields 102 and 
128 electrically. The 1st gap 104 has an aluminum oxide to a desirable bird clapper. The 2nd gap 126 has an aluminum 
oxide to a desirable bird clapper. Although it is indicated that the 1st gap 104 has separated the 1st lead 122 from the 
1st shield 102, the 1st shield 102 and the 1st lead 122 can also be combined. Similarly, although it is indicated that the 
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2nd gap 126 has separated the 2nd lead 124 from the 2nd shield 128, the 2nd shield 128 and the 2nd lead 124 can also 
be combined. This may decrease the space of a shield and may become advantageous from the shield around the TMR 
sensor 100 in high surface density further. Each combination of shields 104 and 128 and leads 122 and 124 is attained 
by establishing the nonmagnetic electric conduction leads 122 and 124 on a shield 104 and 128, respectively. [ such ] 
[0040] Drawing 4 (b) shows the TMR sensor 100 observed from the ABS side exposed to air, or the magnetic material 
101 shown in drawing 4 (a). Drawing 4 (b) shows the TMR sensor 100 and leads 122 and 124. Gaps 1 18 and 120 are 
also shown. The TMR sensor 100 has the layer 106, the pin layer 108, the barrier layer 1 10, the free layer 1 12, and the 
hard magnetic layer 1 16 for fixing the direction of magnetization. As for the TMR sensor 100, it is desirable to also 
have the nonmagnetic spacer layer 1 14 between the hard magnetic layer 1 16 and the free layer 1 12. Furthermore, a 
seed layer may be prepared. The capping layer (not shown) may also be prepared on the TMR sensor 100. 
Furthermore, drawin g^ (b) shows the direction 130 of current. Therefore, the TMR sensor 100 is a CPP sensor. 
Current may flow to parallel or anti-parallel to the direction of the current 130 shown in drawing 4 (b). 
[0041] As for the layer 106 for fixing the direction of magnetization, it is desirable that it is antiferromagnetism, i.e., 
AFM. The layer 106 for fixing the direction of magnetization fixes the direction of magnetization of the pin layer 108. 
The pin layer 108 is ferromagnetism. The pin layer 108 may be a synthetic AFM layer which separated the 
ferromagnetism of a monolayer, or two ferromagnetic layers by the nonmagnetic spacer layer. For example, in the 
form of 1 operation, the pin layer 108 is a cobalt iron alloy (CoFe) or a ferronickel alloy (NiFe). When the free layer 
1 12 has not received magnetic field interference, as for the direction of magnetization of the pin layer 108, it is 
desirable that it is perpendicular to the direction of magnetization of a free layer. As shown in drawing 4 (b), the 
direction of magnetization of the pin layer 108 is in the flat surface of space. 

[0042] Other thickness is usable, although the free layer 1 12 has ferromagnetism and it is desirable that it is about 20- 
100A. As for the free layer 1 12, it is desirable to contain a ferronickel alloy (NiFe), cobalt (Co), a cobalt iron alloy 
(CoFe), nickel (nickel), or those combination. In the form of suitable operation, the free layer 1 12 is a cobalt iron alloy 
(CoFe) containing about 10% of iron (Fe). The free layer 1 12 is a soft magnetism and it is desirable to have high spin 
polarization. For example, as for the free layer 1 10, it is desirable to have the coercive force about [ which is less than 
790 A/m ] a number oersted at less than ten oersteds, i.e., SI unit. Therefore, the free layer 1 12 has coercive force 
sharply smaller than the external magnetic field to which the TMR sensor 100 is exposed, when reading a record 
medium 101. Therefore, the free layer 1 10 answers a record medium 101, and makes possible reading of the record 
medium 101 by the TMR sensor 100. 

[0043] As for the barrier layer 108, it is desirable that it is the insulating layer whose thickness is about 5-20A. The 
barrier layer 108 has the thinness which is sufficient for permitting the spin polarization tunnel of a charged particle 
like the electron between the free layer 1 12 and the pin layer 108. The barrier layer 108 has an aluminum oxide to a 
desirable bird clapper. 

[0044] As for the hard magnetic layer 1 16, it is desirable to have magnetism and to have the thickness of about 100- 
600A. You may adopt other thickness. The hard magnetic layer 1 16 may contain a cobalt iron alloy (CoFe), a cobalt 
chromium alloy (CoCr), a cobalt chromium platinum alloy (CoCrPt), or other hard magnetic materials. The hard 
magnetic layer 1 16 needs to have fairly bigger coercive force than the coercive force of a free layer. As for the coercive 
force of the hard magnetic layer 1 16, it is desirable to exceed 79,000 A/m by 1,000 oersteds, i.e., SI unit. Furthermore, 
as for the hard magnetic layer 1 16, it is desirable to have coercive force with bigger TMR sensor 100 and hard 
magnetic layer 116 than what magnetic field exposed at the time of operation. 

[0045] The direction of magnetization of the hard magnetic layer 1 16 is held at the state where the coercive force of the 
hard magnetic layer 116 was deflected during operation of the TMR sensor 100 since it was above. Therefore, the 
direction of magnetization of the hard magnetic layer 1 16 is stable during operation of the TMR sensor 100 with the 
high coercive force of the hard magnetic layer 1 16. A paraphrase holds magnetization in the direction in which the 
hard magnetic layer 1 16 was set up during operation of the TMR sensor 100. Consequently, the hard magnetic layer 
1 16 is usable in order to deflect the free layer 1 12 magnetically. For the reason, the hard magnetic layer 1 16 offers a 
magnetic deviation, and stabilizes the free layer 1 12. 

[0046] Since the hard magnetic layer 1 16 is able to deflect the free layer 1 12 magnetically, linearization of the 
response of the free layer 1 12 is carried out. Furthermore, the free layer 1 12 may be single magnetic-domain structure. 
It is thought that the magnetic field generated by the hard magnetic layer 1 16 deflects the free layer 1 12 magnetically. 
For example, in the TMR sensor 1 00 shown in drawing 4 (b), as for the hard magnetic layer 1 1 6, the direction of 
magnetization is deflected by anti-parallel to the direction of magnetization of the free layer 112. Therefore, the 
direction of magnetization is deflected in parallel with the field where the hard magnetic layer 1 16 is exposed to a 
longitudinal direction, i.e., air. Therefore, the magnetic fields from the hard magnetic layer 1 16 are anti-parallel in the 
direction of magnetization of the hard magnetic layer 1 16 in the free layer 112. Therefore, the magnetic field from the 
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hard magnetic layer 1 16 can deflect the free layer 1 12 in the direction shown in drawing. It interferes especially in the 
magnetic field from the edge of a hard magnetic layer like the edge on either side shown in drawing_4 (b) with the free 
layer 1 12, and the direction of magnetization of the free layer 1 12 is deflected towards desired. Furthermore, as shown 
in drawing 4 (b) and drawing 5 (a), each of the hard magnetic layer 1 16 and 1 16' is on each of the free layer 1 12 and 
1 12', or in the bottom. A magnetic field calls at the hard magnetic layer 1 16 and the edge of 116'. This magnetic field 
deflects each of the free layer 1 12 and 1 12'. Having the sloping edge, hard magnetic layer 1 16' with the free layer 112' 
bottom gives the magnetic field deflected more. Therefore, the free layer 1 12 and 1 12' have a linear response to a 
record medium, and have stable single magnetic-domain structure. 

[0047] When the edge of the hard magnetic layer 1 16 shown in drawing 4 (a) had a desired inclination, it was also 
made clear that the performance of the hard magnetic layer 1 16 improved. In order to raise combination with the 
magnetic field and the free layer 1 12 by the direction of magnetization of the hard magnetic layer 1 16, it is thought that 
the edge of the hard magnetic layer 1 16 needs to have an inclination. The latus hard magnetic layer 1 16 shows the 
magnetic coupling by the intensity and the direction of a magnetic field in which the pars basilaris ossis occipitalis was 
generated by the edge of such a hard magnetic layer 116 rather than the upper part which improved. The inclination of 
about 45 degrees is desirable. However, a hard magnetic layer (not shown) with the perpendicular edge is also usable. 
[0048] It is desirable to also use the spacer layer 1 14. The spacer layer 1 14 is nonmagnetic and conductivity desirably. 
Current needs to make it make it the spacer layer 1 14 as well as the hard magnetic layer 116 flow among leads 122 and 
124 by the method of CPP which is a direction perpendicular to a film surface. The spacer layer 1 14 is used in order to 
separate the hard magnetic layer 116 from the free layer 112 magnetically partially. Consequently, only the magnetic 
field from the edge of the hard magnetic layer 1 16 deflects the free layer 1 12 in principle. When the spacer layer 1 14 is 
omitted, the hard magnetic layer 1 16 is powerfully combined to the free layer 112. Consequently, the free layer 1 12 is 
partially fixed by the hard magnetic layer 1 16 rather than is magnetically deflected by the hard magnetic layer. Such 
powerful magnetic coupling may be increased even to the grade exceeding the magnetic field generated by the record 
medium 101 in the coercive force of the free layer 112. Therefore, in order to deflect the method of a request of the 
free layer 1 12 magnetically, it is desirable for the spacer layer 1 14 to be used by the reason of the both sides for a free 
layer holding low coercive force. Generally the spacer layer 1 14 is 50-400A, and it is desirable to contain a conductive 
non-magnetic material like a tantalum (Ta) or copper (Cu). Since the spacer layer 1 14 for orientation of the free layer 
112, the hard magnetic layer 1 16, and the spacer layer 1 14 is able to produce thinly relatively as compared with the 
insulating layer currently used for the conventional TMR sensor, the magnetic coupling between the hard magnetic 
layer 1 16 and the free layer 1 12 is enough to deflect the free layer 112 appropriately. 

[0049] Drawing 5 (a) shows the gestalt of other operations of TMR sensor 100*. TMR sensor 100' has the almost same 
structure as the TMR sensor 100 shown in drawing 4 (b). Drawing 4 (b) and drawing 5 (a) are referred to. The sign is 
given to the structure like the TMR sensor 100 at TMR sensor 100'. For example, free layer 1 12of TMR sensor 100" 
corresponds to the free layer 1 12 of the TMR sensor 100. However, the turn of a structure is reverse. Therefore, layer 
106' for fixing the direction of magnetization is in the upper part of TMR sensor 100', and hard magnetic layer 1 16' is 
in the lower part of TMR sensor 100'. However, in TMR sensor 100,100', each of the free layer 1 12 and 1 12* is 
separated from each of the pin layer 108 and 108' by only the barrier layer 1 10 and 1 10', respectively, hard - a 
magnetic layer -116- free ~ a layer - 1 12 - the upper part ~ it is ~ hard - a magnetic layer -116-'-- free - a 
layer - 1 12 - * - the lower part -- it is ~ although - hard - a magnetic layer -116-116--'-- each ~ free ~ a layer - 
- 1 12 - 1 12 - ' ~ the barrier - a layer - 1 10 ~ 1 10 - ' - an opposite side - it is . Therefore, the hard magnetic layer 
1 16 and 1 16' do not interfere in each magnetic reluctance of the TMR sensor 100 and 100'. Instead, since the hard 
magnetic layer 1 16 and 1 16' deflect the free layer 1 12 and 1 12' magnetically, the free layer 1 12 and 1 12* are single 
magnetic domains, and have a linear response. Therefore, TMR sensor 100,100' has the same advantage. 
[0050] Drawin g 5 (b) -6(b) is referred to to indicate the advantage of TMR sensor 100,100' still more concretely. 
Drawing 5 (b) is the graph 1 50 which shows the calculated value of the response in the horizontal magnetic field of the 
form of 1 operation of TMR sensor 100' by this invention. A horizontal magnetic field is the kind of magnetic field 
exposed when TMR sensor 100,100' reads a record medium. A graph 150 is a graph in TMR sensor 100' which has the 
inclination the hard magnetic layer 1 16 and each edge of whose of 1 16' are about 45 degrees. A record medium 
generates the magnetic field of about 19750 to 23700 A/m by about 250 to 300 oersted, i.e., SI unit, typically in a ABS 
side. A graph 150 shows that MR ratio of TMR sensor 100* is alignment relatively. This is understood by comparing a 
graph 150 with the graph 40 shown in drawin g 2 . Drawin g 5 (b) is referred to again. Since the free layer 1 12 and 1 12' 
are deflected magnetically, when linearization of the response of TMR sensor 100' is carried out and it is used for a 
device, it is desirable. 

[0051] D rawin g 6 (a) is the graph 160 which shows the calculated value of the resistance change in the honzontal 
magnetic field" of the form of 1 operation of TMR sensor 100* by this invention. Therefore, the response of TMR sensor 
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100' was changed into MR (deltaR) from MR ratio (deltaR/R), and also the graph 160 is the same as a graph 150. TMR 
sensor 100' has about 15-ohm response in the magnetic field exceeding the range of the magnetic field exposed at the 
time of operation so that a graph 160 may show. Although graphs 150 and 160 are graphs about TMR sensor 100', it 
has an advantage with the same said of the TMR sensor 100. Therefore, by the hard magnetic layer 116 and 1 16', TMR 
sensor 100,100' shows a linear response to an external magnetic field, and has the free layer 1 12 and 112' whose each 
is a single magnetic domain, respectively. 

[0052] Drawing^ (b) is the graph 170 which shows the response of the form of 1 operation of TMR sensor 100' with 
the side which inclined to the horizontal magnetic field by this invention. TMR sensor 100' consists of 50A chromium 
(Cr), a 400A cobalt chromium platinum alloy (CoCrPt), a 100A tantalum (Ta), 40A copper (Cu), a 70A iridium 
manganese alloy (IrMn), a 20A cobalt iron alloy (CoFe), a 5A alumina, a 20A cobalt iron alloy (CoFe), and a 20A 
ferronickel alloy (NiFe). Linearization of the response of TMR sensor 100' is carried out so that a graph 170 may show. 
Although graphs 150, 160, and 170 are graphs about TMR sensor 100', it has the advantage as TMR sensor 100 1 also 
with the same TMR sensor 1 00. 

[0053] Drawin g 7 shows the high-level flow chart of the method 200 for preparing TMR sensor 100,100' by this 
invention. According to a process 202, the ferromagnetic pin layer 108 and 108' are prepared. The barrier layer 1 10 and 
1 10' are prepared according to a process 204. the barrier layer 110 and 1 10' - the free layer 1 12 and 112'-- 
respectively - ** ~ the pin layer 108 and 108' — respectively - ** — it is in between The ferromagnetic free layer 112 
and 1 12' are prepared according to a process 206. It is desirable to prepare the spacer layer 1 14 and 1 14' according to a 
process 208. The spacer layer 1 14 and 1 14' are located in each and the opposite side of each the 'barrier layer 110 and 
1 10' of the free layers 112 and 112. The hard magnetic layer 1 16 and 116' are prepared according to a process 210. The 
hard magnetic layer 116 and 116' are in the free layer 1 12, each barrier layer 1 10 of 1 12', and each and the opposite 
side of 1 10'. The hard magnetic layer 1 16 and 1 16' adjoin each of the spacer layer 1 14 and 1 14'. therefore, the spacer 
layer 1 14 and 1 14' - the hard magnetic layer 116 and 1 16' - respectively - ** - the free layer 112 and 112'-- 
respectively - ** - it is located in between 

[0054] Drawing 8 shows the still more detailed flow chart of the method 250 by this invention. A method 250 is 
indicated as a method of preparing TMR sensor 100' and TMR sensor 100" indicated below. However, a method 250 
suits easily, when forming the TMR sensor 100. A method 250 is indicated according to drawing 9 -14 which show the 
form of 1 operation of TMR sensor 100" at the time of production, the TMR sensor 100 it has Composition AFM as 
'layer 106' for fixing the direction of magnetization, although 'is almost the same as that of TMR sensor 100" TMR 
sensor 100,100 '100" has many advantages in common. 

[0055] Drawin g 8 -14 are referred to. The 1st shield and the 1st gap are prepared according to a process 252. The 1st 
gap is prepared on the 1st shield in a process 252. And 1st lead 122' is prepared in a process 254. However, when 1st 
lead 122' is combined with the 1st shield, you may omit the 1st gap. Furthermore, when consisting of the same 
material, you may prepare 1st lead 122' simultaneously with the 1st shield. A ground layer, i.e., a seed layer, is 
prepared in a process 256. A seed layer has about 50A tantalum (Ta) to a desirable bird clapper. And in a process 258, 
the material used as hard magnetic layer 1 16' is prepared. A hard magnetic layer consists of 50-100A chromium (Cr), 
and a 100-600A cobalt platinum alloy (CoPt) or a cobalt iron alloy (CoFe) in the form of 1 operation. 
[0056] It is desirable to prepare one or more non-magnetic layers which should become spacer layer 1 14' at a process 
260. As for the non-magnetic layer prepared in a process 260, it is desirable that it is a conductor. In the form of 1 
operation, the non-magnetic layer prepared at a process 260 consists of a 50-400A tantalum (Ta). And in a process 262, 
one or more layers used as free layer 1 12' are prepared. These one or more layers consist of layers of a 10-50A 
ferronickel alloy (NiFe), and layers of a 5-20A cobalt iron alloy (CoFe) in the form of 1 operation. In a process 264, 
the insulator used as barrier layer 1 10' is formed. As for an insulator, it is desirable to contain the 5-1 OA aluminum 
(aluminum) which oxidizes and serves as an alumina. In a process 266, one or more magnetic layers used as pin layer 
108' are prepared on this insulator. In a process 268, the material used as layer 106' for fixing the direction of 
magnetization is prepared after that, one - operation ~ a form - setting - magnetization - a direction - fixing - a 
sake - a layer - 106 — 1 - composition — AFM - it is — others - operation ~ a form - setting - magnetization — a 
direction — fixing — a sake — a layer — 1 06 — ' — the monolayer of antiferromagnetism — it is . 

[0057] drawing 9 - magnetization - a direction ~ fixing - a sake - a layer - 106 -- ' - using it - material - preparing 
— having had - the back — TMR — a sensor — 100 — ' — ' — being shown . 1st lead 122' is also shown. TMR sensor 
100" - the ground layer 132 and the hard magnetic layer 1 16 - ", spacer layer 1 14", and the free layer 1 12 ~ the 
insulator which should become 'ferromagnetic layer and barrier layer 110' used as ", and the pin layer 108 — it consists 
of two or more layers which should become 'layer 106' for fixing other ferromagnetic layers which should become ', 
and the direction of magnetization' Layer 106' for fixing the direction of magnetization consists of the spacer layer 134, 
the nonmagnetic ferromagnetic layer 136, and the nonmagnetic AFM layer 138. In the form of 1 operation, the 
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nonmagnetic spacer layer 134 consists of a 6-8A ruthenium (Ru), a ferromagnetic layer consists of a 20A cobalt iron 
alloy (CoFe), and the AFM layer 138 consists of a 50-100A iridium manganese alloy (IrMn) or a 100-350A platinum 
manganese alloy (PtMn). <v u 

[00581 Photoresist structure is established in a process 270. Drawing AO shows TMR sensor 100 which has the 
photoresist structure 140. As for the photoresist structure 140, it is desirable that it is two-layer photoresist structure as 
shown in drawing 10 . In a process 272, the width of face of TMR sensor 100" is specified. As for a TMR sensor, it is 
desirable to use the photoresist structure 140 as a mask and to specify the configuration of a layer established in the 
front process by ion milling. Drawin g 11 shows TMR sensor 100" after the process 272 which specifies a TMR sensor. 
Although the edge of TMR sensor 100" shown in drawingj 1 -13 inclines, this is desirable rather than perpendicular. 
[0059] One or more insulating layers are prepared in a process 274. In the gestalt of suitable operation, the photoresist 
structure 140 between deposition of one or more insulators is left behind as a mask. Therefore, in order to insulate the 
side of TMR sensor 100", it is also possible to prepare the insulating layer of a monolayer. Drawin g!! shows TMR 
sensor 1 00" after the process 274 was performed, the TMR sensor 1 00 - 'gap 1 1 8" of the edge of ', 1 20" are prepared 
the photoresist structure 140 ~ a gap 1 1 8 - the mask of a part of insulating layer 142 used in order to prepare ", 1 20" is 
carried out Therefore, gap 1 1 8 ", 1 20" can form by one deposition. 

[0060] Lift-off processing is performed after that by the process 276. Lift-off processing performed at a process 276 
removes the two-layer photoresist structure 140. therefore, the gap 1 18 - a part of insulating layer 142 which forms ", 
1 20" is removed Drawing 13 shows TMR sensor 1 00" after lift-off processing was performed in the process 276. 
Therefore, the photoresist structure 140 and a part of insulating layer 142 are removed, however, the gap 1 18 - ", 120", 
and the TMR sensor 100 - "and lead 122" remain Although not illustrated, you may prepare a capping layer optionally. 

[0061] The 2nd lead is established in a process 278. The AFM layer 138 is exposed after a lift off by lift-off processing 
of a process 276. Consequently, it is possible to form electrical connection to TMR sensor 100". Drawing_14 shows 
TMR sensor 1 00" after the end of a process 278. Therefore, 2nd lead 1 24" is also shown. In a process 280, you may 
form the 2nd gap and the 2nd shield. However, when electrical connection of the 2nd lead 124" is carried out to the 2nd 
shield, you may omit the 2nd gap. Furthermore, in the gestalt of substitute implementation, the 2nd lead 124" and the 
2nd shield (not shown) can be prepared simultaneously. 

[0062] Methods 200 and 250 are used and it is possible the TMR sensor 100, 100', and to prepare 100". being such ~ 
TMR - a sensor - 100,100 - ' - 100 - ' - ' ~ free - a layer -- 1 12 - 1 12 - ' - 1 12 - ' -- ' ~ each - suitable - 
magnetic deflection ~ carrying out - making ~ things - being possible . Therefore, linearization of TMR sensor 
100,100' and 100" is carried out. Furthermore, methods 200 and 250 are similar to the production process of the 
conventional spin bulb sensor. Therefore, a method 200,250 is performed simply relatively. 

[0063] The hard magnetic layer of the upper part of a free layer or the lower part was used, and the method and system 
for forming the TMR sensor to which magnetic deflection of the free layer was carried out were indicated. Although 
this invention has been indicated according to the shown gestalt of operation, this contractor can change to the gestalt 
of operation and it hits on an idea of these change easily for them to be the meaning of this invention, and within the 
limits. Therefore, much change may be made by this contractor, without deviating from the meaning and the range of a 
claim. 

[Effect of the Invention] According to invention indicated by a claim 1 or 27, it is desirable, when, as for a free layer, it 
has a single magnetic domain, linearization of the response of a magnetic-reluctance sensor is carried out by it and it is 
used for a device by it, since the free layer is magnetically deflected by the hard magnetic layer. Moreover, since a hard 
magnetic layer is located in the barrier layer and opposite side of a free layer, it does not interfere in the magnetic 
reluctance of a magnetic-reluctance sensor. 

[0065] According to invention indicated by a claim 2 or 9, a spacer layer is used in order to separate a hard magnetic 
layer and a free layer magnetically partially. When a spacer layer is omitted, a hard magnetic layer is powerfully 
combined to a free layer, and a free layer will be partially fixed by the hard magnetic layer rather than will be deflected 
magnetically. Although such powerful magnetic coupling may be increased even to the grade exceeding the magnetic 
field generated by the record medium in the coercive force of a free layer, a free layer holds low coercive force by 
preparing a spacer layer. Moreover, only the magnetic field from the edge of a hard magnetic layer makes the direction 
of magnetization of a free layer deflected in principle by preparing a spacer layer. 

[0066] According to invention indicated by claims 10 and 1 1, the edge of a hard magnetic layer has a desired 
inclination, and raises the performance of a hard magnetic layer by the intensity and the direction of a magnetic field 
which were generated by the edge of such a hard magnetic layer. By the magnetic field deflected from the hard 
magnetic layer's, a free layer will answer in alignment to a record medium, and will have stable single magnetic- 
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domain structure. 

[0067] Since it is similar to the production process of the conventional spin bulb sensor, the method indicated by a 
claim 14 or 27 is performed simply. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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(57) [C«i] 

*^fts^'^x^A«. 7'j-i (ii 

2" ' ) RlXhf>JI (10 8' • ) *»W4Ig*tt 
«. 7 U -Ji«3*«tt«:T* 0 . SSI 1 OflJRtf cm;:** 
lRlT*iB2 0ffliJ*Wr*. tf>B«JK<tC0^|6]S:^b, 

SStfi'XfAH 7 U-H©flSl©fl!l<!: 

■■r*/ty7)i«»w«ia**r*. mj7i u i 
o' ' ) «. e>nt7U— iBi:©no»*ia : f-oh> 

suttsii'bWts. (ii6")tt. 

7 'J-Jf £ffi£MB<)ICfi!|pJ$-tf--5o 




r 



1 

©ss 2 w<ii & 7 u — m t . 

m*t©:£fr -5 tf >!!<!:. d©tT>ll© 

B<t©#ft^£©#fttcB££ttT^-5>d£<!:. ;® 
tf >JBttilfrE7 U -HO* 1 ©fflfc ft« d 1 1 . 

mess 1 © #j© 7 u - a <h m is tf > if t £ fl-urr z a* u 
©ffl©^«s^ © h >*;i/*w«-r * o $ 

*.fc*6likJiT2&-5d£:£. 10 
l&E?UHi©#2©fflfc*4«Kattli£. d©igft 

[»*5i4] MEB£stcmaEU&s»sttn^. n 

ES&ttttJItt. e>ll©m{t:©*fr£#5£©^faicB 20 

Ett * ntatiatt-fe > it. 
[»**5 3 «rEfcf>Jitt'&dcS!ftatt)i*^tt*» 
2 fcE«*nfc«»a»t-fe>u-. 

ccocrPt) frzuz>imm2izm®.-ztitzm 

[W**8 3 |ffEB!K«8tt@«. 30 
(CoPt) *^ttSBI*«2CE**nfca»«tfl[-fe 

(CoC r) fr&ft«tt#H2lce«£nfcaA&9ti: 

i o] tfrE«K»ttiitt*i>&< £fc 1 ^>©ftB 

Umm 1 1 J lWE'>&< t fc 1 o coffin LfcSS»tt 

»4 5 • i o iztmstntmrnt 40 

im*m 1 2 ] ittEfiHt&ttffttS <=> tc^a^ 

U WE7'J-JB««fflO»^8l5affK*6*n, til 
WE7 U -Jfl©» 2 ©#«atttffE*»B#J: 0 <b/h* 

2fcE**ntttai«»i-t>-y-. 

««Utt«[-t>**»»t«*ftK:*l»T. (a) 7U-JH 50 



0 0 2 - 1 1 7 5 1 0 

2 

«tCtltS»fflO«2©fl!l€;*-r*Ctt. (b) tf 
>H £t&tt-5XS<*:. d©e>Btt«{fc©#G]£*U 

BSSftTHiCtt. COt!>littttE7'J-JiOJB 
i©«»c»*citi, (c) WEH!io«07U-Jit 
i&Ee>B£S&B*&A'j7Jii&H:tt*x8£. no 
a*u ruts, Meif >n&ttE7 u-iit©m©«f**s 

**d££. (d) a&£7U-JB©*2<D«H;:««Btt 

i^swiai. «rEKRflBittJBawE7U-ji«a 
^ ffj t c d is) $ -a- ^ * © )i t * ^ d 1 1 & # -f ^ * £ . 

[M&K15] (e) «fEJB2 0«07U-Jit#fE 

tt-5xs*$etc*-r«>i«*isi 4icistt$nfc*i4. 
[»*3Ri7] (f ) *retr>jitii*UTK?i«tt 

■ Slltt-SISt. d©E^B14)l«tf>lf ©«g{t©:£ 
ft£&5£©;£lR]»cB5£T5JiT;&*> d <h t * $ e. lc#T 
4if*JS 1 5 i;Etsnt^tt. 

[f»*JS18] ltrEfcf>B£t5kW-*XS (b) tt, 
(bl) £i«E!a«ttH*«W*l6£^fc*rr«ll» 

[f»#J£l 9] atTEAUT-JBttT^S^Sttsai* 
JS1 5KE*t*ftJfc;frft. 
[Bf*5i2 0] &lfZm&M&mit$=i;Vl>hi7U&&& 
(CoCrPt) d»6*c*8il*q|l 5tE«E*nfc 

M#m 2 l ] MESKttttni « a h a ^^r^ 

(cop t) a>&fc*»#jsi 5i;iEt$ntm 

[«5(<iS2 2] NEf XBttMfin/tJI' h > DA#4 
(CoCr) ri>&fc*fll#JSl 5KE*£*lfc2rft. 
[ff^JS 2 3 ] itflEiiiKffiSttH t fc 1 oco« 

itmm 2 4 1 KrE'>ft < 1 1> 1 •ov>m&i,iz.mm* 
«45* ©«»s#-r*iii*)ii2 3 tcism^ nfzjjte. 

[IS5f?iS2 5] MEaiCttttJIUftBAftfrU. WE 
7'J-JHtt«ffl©B»C^B|5«Slca6*n. HflES!MffB 

[«*J12 6] KrE7'J-JHtt»S 2 U. 
IKE7 U -HC08 2 co«{B7i«ME^-^ffiS^«t 0 fc/hS 
U»«*IB 2 5 fcEflftSftfc**. 

[W*JI2 7] Efik«M*±©*«*tt*IRafc»©« 
ftaSt-k>-9-6tt(t«^k:«3V>T. (a) a<tCO*(6] 
^BST4fciDC0Jl$:ISlt4Xg£, (b) KrEKit© 



(3) 

3 

(c) «fEa5l©3fi«ttlBfc|»»LT. A*'J TMt. LT 
ttffl$n*«l©l6*<*:*RW*XSt. (d) HtfESS 

©&ffi&14JI£88:t7SI*It. u©«2oa«ttl)J«Sl 

Rtf»2©fias*r*cit. i©S2©?£i&i£if ©n? 

1 ©fldttWIB* 1 ©|ft«IM*:CIB»-r* C t t, ifr£*S 1 

StfESS 1 ©BslSffiltSfS 2 OttttttJI tffl 

Si it, (e) WE7'J-»©«2<DfliJ^«Kl»ttJI 
SRttilgt. WEffl*«tt»tt«rE7U-B*«a 10 
W icfiift £ 1+3 itt. (f) iftEflMfc©:fr6]&Hjrr 
*fc*o)B. * l ©3S«ttJi. «ftj|. SIS 2 ©3£ffi£ffil 

it. (g) ttK*>tf©*lRI^2©*aHilB2© 
*6*#«:ia:W4I8£. (h) Sil&tffB2©'J-F£ 

■wt-siat. WEftio'j-KttiWEJBioaattJi 
[XHowattKH] 20 

[0 0 0 1] 

©&-& * S ft -5 * © *ffiR.Z>* v 7. t- A Id Mt S . 
[0 0 0 2] 

fentHI.. HI (a) «. f*©TMRt>fl 0© 
«HH*3S-r. Ell (a) te, IlR^2©->-JI/H 30 

2 4, 2 6, ilSOtI2©^t'>^2 0, 2 2, 'J — 
K 1 1 , 1 9RytTMRt>*l O^St. 

[0 0 0 3] Ell (b) «. £3 tlfcffl. 

TMRir>itl 0£&fflT£&te#*4^SJIfc?£#©T 
MR-fe>+>" 1 0 ©#JB5EI£S"3\ TMRt>+H OlCjD 
AT, 0 1 (b) «. U-h'll, 1 9R^lROti 
2©^t7/2 0, 2 2Sr J &tl-?-*nS-r. El 1 (b) (C 

tt. t*©TMRt>itl 0 srSP^MtcgiH-rsse*© 

->-JUb*2 4. 2 6^SSnTUftU, 6£3tS©TMR-fe 
>^10H ffi*0S?SlttI (ElTAFMftV^) 40 
12. ^3R©tf»l 1 4. ft3t?©A*>J7Jl 1 6. RlflSE 
^©7'J-Bl 8£*rt"3. TMRt>tl 0©/fci6© 
TMRg&ll ^©e>@14. »©A'iJ7il 
6, Rtf«©7U-I 1 8©F^W^^5. TM 

R-fe>+H 0©— fiBSffltrfiUfttft^flD^r -y^2 

o, 2 2 ©— sufc^^nT^*. ^©tf>H i 435.1; 

ffi*0 7'J-IH 1 8te34ffi£ttT&-5o ^*©tf>JBl4 
tt. ffiStSWAFMUl 2»C««Wk:<6-&SnTt»*fc 

8Bft©73l6]#Hj£$nTH*. «©AFMI1 2 
tt. m 0 0~3 0 0A©JP2£WT&. t£35©tr>JB 50 
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1411 $<|2 0~10 OACfSttn. *JB©3fta 
14Ha> £&•&&*© fcT>Jl 1 4©^0ld. TMRt> 
ItlOd IM8ttJBfc«fc9fl-«Sftfc. AFMffl£20 
© 3$ ffi&ttH £ S A F M If 7&>£ & -5 i £ t> $> 

■6. ASWfctt5~2 0A©» 

S&WU ?S*C7U-I18B. ASMiC«3 0~l 

0 0 A©JP2£*-r-5o 

[0 0 0 4] TMRt>"!tl 0 0^7'J-Il 8© 
ffit©75f6]«, «-»ll|i*«#ftLav>t*H *gffl©¥ 

-5. f*©7'J-ii 8H Haw»:tt3;^h (C 
o) . =JA\rt/h&-&& (Co 90 Fe 10 ) , XttHA'JU- 
(Co 9 oFe 10 ) i/t-VD-f ©2Jfjfr»£>/«E-5. 
^*©e»ll 4©SS{t©73(S]«iififfl©¥B(C*tbT^ 

jtfcHJSsnx^^. ef*©tf>s i 4«, mmewzte 

atVUh (Co) . «t (Fe) , —y>r)\> (N i ) , — 
ytr)l>&i-&& (NiFe) , ^AJl/h^M (C o F 

e) se^mutii 6«. &mmz\*mt 

T)lsS.-VA (A 1 2 0 3 ) 

[0005] t£*©TMR-fe>t»-i o^tste-rsfcje>{c 

H «©TMRt>itlO©I12, 14, 16, 1 
8©¥S£Stt&'J — F 1 1, 1 9 (OffllzM T 7>%M 
■fimWi-ZftZ. S£ot, TMRt>^l 0teSg®^£7j 

X@Bft©lRl£«^EP2 5 {C«fc9^£n*>. «©TMR 
-fe >+>• 1 0 ©fiS^JSfit^*, IP^MR^tt, fi£3l5©-7 
'J-Sl 8 £££515© If >H 1 4 t©ffl©« : f 1 ©7.tr>iS 

Sh>*jw;:«fcs =&©£%*. enx^-s. a,t, xe 

^•It^ttttJltWA'J Tit h >*;H/T. IS^Jgtn 
«©7U-I1 8©^{t©73l&l^* 
©bf>® 1 4©{S{t©73(6]lC*fbT^ff, XttSSpffT 
&-5£#ii, «©TMRt>tl 0©Jgtr[te, -ttl-t 
nS/Mt, X\tm±ittE*lZ>. $etc, fif5l5©7'J-S 

1 8 ©t8ft©7j|p]te, ^gP^/&<TOO£nftV>££te. 
HI (b) tC^$n^ck-5lC?*e*©tf>Jl 1 4©J33tfb© 
73l6jfcSitlCii|6]$nT^S. MR-fe 

IP^MRIl i ©M R -fe >+h © jt*&ia<S £ g/h&iafil 
t(D£T'$>Zo MR-fe>-tf-©««J6tfi£<tJP. EP*-MR 
Jttt, JftgffJKttAR/Rtl^tfn. A— fe>hT#A 

2 0A-t>hteb^. &^MRl££W1"&i£ ; b$> 
0. TMRt>1tl0li JSSgfiE®, ^JA«l¥73-f 
>^1P^6. 4 5 craWcD 4 0#X\iv h (Gb) 
©»««E»lC**UTffiffl-r*fc*OMR-fe>U-t UT 

[0 0 0 6] fie*©TMR-fe>it 1 0«iBSg|SE&iCM 

8*tttt*©7'J-B 1 8««Wl:«$nTi^i^ 

■jttAt£ti;«. m-lC TMRt>f 1 OOJEStt. T 
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«fc?¥«ELfc^. 3£oT, TMR"b>it 1 Ott»®{t* 

nai». «e*oTMR-fe>u-i oojssii 

[0 0 0 7] 09*. tf. B2lt ffi*07'J-ll 8£fi8 
fltWK*ftS*TV*ft^TMR*>tf 1 0<WS«4 0$: 
^"To TMR-fc>U"10tt, ->-HItLT^>^ 

(Ta) 5 OA. tt*©*jSEanfcAFMJil 2fcLT 10 
— y^r;l/«<&& (NiFe) 30A, ffi (Cu) 10 
A, R^'Jy^AV>^>^(IrMn) 7 OA, 
8£*£>tT>Jfl 4tbT3;tJI/h«ft4 (CoFe) 2 
OA, 18*0[)yt'J7ll6tUT7^$t5A, 
*©7'J-iiLT3/WH*^ft (CoFe) 20A 
Rtfziy^r;Hft'&* (NiFe) 2 0A^tt^o TM 
Rir>tM 0 36*fi6*©7U-H 1 8 S»»Mfc{BlP]S-fr 

Tl^ 9 ^W"r^>^, ffi^OQTMRt^l OMR 20 
te, TMR-fe>+M 0<7)«Bfldft#L, fn^P^nfcm^ 

[0 0 0 8] S£*cOTMRir>it 1 0 CD^3fec^ 

CD7U-I1 8tt*«K«Jftt*U&^Clt3»«»a. ¥ 
KKifi^tt^ftfe 0 fc. 7U-118 te#H8Ett!§ 
ClfDLTLi^o fi£*cD7'J-Sl 8*»BK*i6 30 

>it 1 Ocajf^tefcXT-U *>7^tiC<!:^fel). cn 

e>©iS*tt, TMRt>f i o ^D-^Aen^ff^c 

[0 0 0 9] fi£3feCDTMR*fe>-y- 1 0#fi£*CDXfcf>A* 

(sstf) -c»ofc»^tt, ae*coTMRiz>it 

7U-J11 8ttflifiian*. «SMl:ttBl (b) 
*n*ck5tC«»ffitt#«SE*C0TMR-t>+l- 1 0(^)4 40 
fiCKI^Wc fi£oT, TMRir>+hl 0 icBMgLfc 

l^fiaAJl/h^PAa^M (CoCrPt) T» 
4. ^(Dtztb. CO<k-53tt«Hatt#tt. TM Riz >1t 

losfsiss^ »t«t, u-Fii, 19 mo 

ffiSStt, TMRir>1tl 0ft£Mj®T£<£Ttete< • © 
1 0tt*ffiLtt<tt*. 50 
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[0 0 10] H3i:SSn*ffi*OTMRt 
>1tl0' tfBWRSftfc. ffi#G)TMR-fc>-frl 0' 
tt, Bl (a) . (b) ^S*nfcfie*<OTMR-t>1J- 
1 0 (hllMMf-t^-^^S5c^^^ ; t'r^c 0 1 

(a) , 1 (b) , 3£#JKT*. fi£*C0TMRii>^ 
10' 0«J«*»4, TMRt>1fl0©««*tRI«l: 
LTV>*. fi£*cE>TMRii>1t 1 0 ' 

\t. a*©s5ii«tt», ip^afmii2' , 

>J114' , ft*cD^Ji 1 6 ' , Riffle*© 7 »J-Ji 
1 8' *St5. EI3lCtt, 'J-M 1' , 19' fe^ 

ttfttt 24' , 2 6', 2 8, 3 0*«« 

W2 4' ,2 6' <Dm2\z$kMmz\* 

t5AT$)^ 0 

[0011] mmfc 24', 2 6' *«*»«K:JP^fc 
«>, W2 4' ,2 6' a«Btt#2 8 ( 3 0CQ^- 
nfn6{£*OTMRt>U- 1 0 ' Rtftt 

*(7)TMRiz>1t 1 0 ' feffi|R;Sii-&V>©T. SMKfi&tt 
ft2 8, 3 0tttE*<OTMR-fe>1*-l 0' 
:tft<7»J-118' <Dffi^M{Bfttcteffl^flB<h& 
^>o t¥oT, Se*CDTMR"fe>-y*l 0' «18^MJC{HIpI 
Sftfc7'J-i6«IAtt^1iE*©TMRt>1}- 1 0 tit 
tlT^OW^^^^c 7U-118' 

[0012] mmmwifc 28,30 swt* n t \z i 0 

ftoft^ WBtt#2 8 1 3 0ttff*O7U-ll 

8' *a*n^a«tc*Ta!i*M^<BiRjs*av^i 

8, 3on mmfo2 4' ,26' ©^nt'tio-si: 
j:07 | j-ii8' *6*aw«c*MitsnT^*. 

7U-I18' 0««(C*5^T«, ^Sfi^tt#:2 
8, 3 0<&jfi#ck0fc«K«tt#2 8, 3 0tJ:D±« 

3ott7»j-Hi8 ? *a*b^a«Jc«ftM«cfliiRis 

18' <©JC«»4a*U^eflEctOfcctO#»«i:3ft*- 
-tOtt*, TMRir>itlO' «> «^fiE»«t«:lC|EiS 

fc, MMtft^ofc, 7U-I18' te, * 

[0013] ifoi, <toaft*fl<»ca»M«c:«iRisn*: 

[0 0 14] 
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©#j£Rtfv7.7 L A<&Jffi0Vf ft. JKD^&Rtf^XT-A 
«. 7U-lRU t tf>I5Stt5Ig^tT5. 7'J — 
Uli&ifi&tt^U Sl©ffl'L R£>*S 1 ©flJtKfcHM© 
S2©#J£*rTft. fcf>JBtt«fl:©*lRH£*U tttttt 

TV»*. tr>Jitt7'j-li©Si ©We&ft. #f£BJ© 

*fc#fc+#K»^*fc*IBT&*. d©7jS:Rl>'->7x 10 
Ate, 7 U — B©S 2 ©ffiOfcfflKfflrttlBSRteSie*) 
#TS. SgMBSttdte, 7'J-Jf SrEB^MledftSiir 
-5. 

[0015] wTiciE*snfc->X'5 i i»a^*te»c«t 

0, #f£BJlte, $*6<]lr7U-Ji£a&MCdft£l*fc 
J^MffiSt-lr >^4JS«T ft. 
[0016] 

[g&JH£fl¥tfe-r-&fc«>K>^&] iEIBIHjSl**?^**: 
W*^l leE*©f£BJte. 3&6&tt£:frU Si® 
#Jtcni:K*tffl l J©^2co#Jt^W-rft 7'J-lt. a 20 

ft©*w*:#La«ttT**t:>ii£, .r©tf>ji©& 

>HteWE7 U -If ©S 1 dtt. WE 

s i ©#j©7 'j-ntituEtr>iit*»«r*Aij7ii 

ifgllT^^ti. WE7'J-Ji©S2©ffli]l;:c&ft«! 
Il8tt@t. c©«K«ttJI»4i(rlE7U-]i*«*Wfc 

S*8a^tt>iJ-SBitr*. 30 
[0 0 17] flM*JS2»cE*©5HI!te. B*3S1 KE* 

$tlfcSS^ffitil-fe>U-fC*5^T, WES 2 ©ffl©7 U - 

H i WESKf&ttJl iOKtcffii^ Wtftm&V) X^- 

itJISiS^lrWTftvltSrggtTft. 
[0018] ffcfrl 3 fcE*©5BBtt, 2 fcE* 

4 fc|B*©5SWtt, BI*flS 2 lcE«R$nfcSS^atri-fe > 
-tHcfc^T, KrEH«Hfc»*bfcfi9ft«ttBi. WE 
M&i&ttllte, tf>S©i^'ft©73l^*^^©73lo]l-H^ 40 

-r ft?c«e>©jiT«&ft c: 1 1 £ ft c t zwrnt? ft. 

[0 0 191 Bl3&S5fcE«©5SiSte. W*3S2tE« 

«ttjB*«-r*ct*si&fr*. 6 jcEtt©» 
bj«. w^ib 2 tcE^^nfcaajgta-t >-y-tct$viT, 
weau th te7;u = -rfrbtz* z. t&mwtrz. 

[0 0 2 0] 7 lcE*0«Wtt. 2 ICE* 

3S8»cE«SO»?Btt. W#«2fcEffiSftfc«£U6tfi-fe 50 



&m 2002-117510 
8 

>1ttc*^T. WESKGBttJfte, a/WhBfc^fc** 

[0 0 2 1] W*319 fcE*<0fEWtt, BI#JS2 ICE* 
$n/t®§vffi^-b>-t>-tc*t»T. WESSII&telf te. ^ 

0 lcE«®»Mtt. »*« 1 liE«E*nfc««»Sl-t > 
■y-tc4o^T. WE51HfiB14Jlte'>£t< 1 1> 1 o©<fJ4U 

[0022] i i «cE!K©«Ktt. m&m i o ic 

E®$nfcBS§\J£tr[-fe>it{c*5^T, WE'>&< ifc 1 

[0 0 2 3] M^Ji 1 2 CEtW^tt, ffif$£ 1 ICE 
tt$n/t!S5vffitft-fe>-9-tc*3HT. WEffiSI8BttJite# 
a?3£#U WE7U-B te&ffl©P§Ue^gMH#le;*<E> 

sn, ■«FE«K«ttJi©«a75ttii(rEnaJa#«tD'b* 

[0 0 2 4] 1 3 KEttORUitt. 1 2 Id 

E«*nfc«swa»t-t>u-»c*s^T, WS7 u-«tes 

2©«^i&fL, t(rE7'J-]BOSB2 0«aBE73ttWE 

[0 0 2 5] ffll^JSl 4 CE*t©f£BJte, E^«#^e» 
^- ^ * St ft J6 ©BBHtftet-te >1t R W ft 7^ ffi IC 
*5V^T, 7'J-iSS(T5Iit. Cl©7'J-@«^J2i 
142rWL. Si ©ffliJ«i:C:ni:S*fffi'J©S2©#JS*Tft 

rfi]$*t, ^attT^o^ d©tr>e©sM;©77r6]tt!8 

^©73[pIiC@^$nTl'^ftC:(ht, d©tf >^«S9E7 
U— H©S 1 ©iiJlcSftClii. StfE7 'J— Ifflll © 
fflij <h WE tf >® t * ^Hif ft / U 7 m & rw- ft X@ £ . 
d©A»J 7J1 te. mfEtr»liWE7 , J— gt©m©^ 
S*4^© h >^JU<£f i F^Tft(cS0 ft«$Srffi^fc*fe^ 

itSiSuii, we 7 'j-e©S2©fliiic^Kiatts 

^HSttftXSi, WE®Kfi8tt)l«WE7"J-)l*ffiSM 
EKJ led l«I $ ■& ft tb © » T $> ft d i i 5: # T ft d t * S 
gtTft. 

[0 0 2 6] ifsRJS 1 5 £E*E©$£93te. 1 4 I* 

Eft$nfc73ffilC*3^T, WE7 U -If ©IS 2 ©ffliJiW 
E^SfiSttW t ©HmeBEBS nfc*«ttO^ ^— * 
t5ttftXg££ ^lcWL.fcCl<i:$:Sgi:Tfto 

[0 0 2 7] W*3R 1 6 HEittcWfSBJte, if^Jg 1 5 \Z 
E*anfc*ftt4JV»T. WE^att©7^— 
tiX^l.^.tSIitn. WsRJSl 7ICE*©5EM 
tt. W*iSi 5lcE«$nfe7Jj*fc*^T. WEfcf>® 

«tf >^©fiS{t©7^|fi]^#S©73n5]ie@S-rftliT$)ft 
H i i & $ & IC WT ft C t * £ m <t r ft . 
[0 0 2 8] ffi&m 1 8 teE«t©3PJte- W*« 1 5 IC 
E«Sftfc*ftlc*HT. WEtf>BS:R^ftXStt. 
^BES»fflitt)H€:Rtt*XSS:Se»Jc*-rac.iS:ffiB 
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[0029] m&m 1 9 (cie«s©%Bj?te. w^js 1 5 \z 

EttSn>t*j*C*J^T. lifJEA*'J7Jf l47JUS:^b 
fcaciSggfT*. tt#Jl 2 0 fcE*©»9!tt. flf 

[0030] nigra 2 i \zmn<D%.w\$. mxmistz 

KffittS « ^ A* )V h £ d A ^*"> b 5 Z. £ £ S B t -f 
[0 0 3 1 ] 2 3 icEttOfEWte, W*^ 1 4 £ 

2 4iCfH«©%^«, ffi*«2 3tCEf?^nfc*ffilC*3 

ux, mi'j>u< i-D<Dm&Ltct®$m.m4 5° © 

* *r-r 3 CI t £ 5© <fc T & . 
[0 0 3 2] if 2 5 ICf5i!t©%0Ji 1 4 fc 

[0 0 3 3] «*JS 2 6 KE«©5£W tt. 2 5 \Z 

EtSftfc*ftfc*V>T, fIfE7'J-)l«m2CDffiia^ 
5tL, KrfE7'J-)l©^2©«iK^«friB^«a#<t 

[0 0 3 4] flf*^2 7 KiEifc©f£0Jte> E&4*#±<9 

ViT> «{b©*|fi!l$HJ£"$"Sfci&©ll&»W'*Xg£, 

£LTttfflSft*m©3*«ttli«:M:tt*Xgi. 

it, HFEfBlOSSattllCBttUT. AUTliLT 
«fflSft«iBl©it6»#&Rtt*Ig£\ MEJBl©t6 

tts^sawsiet. £©£S2 0D&i&ttJi#MURtf£i 

tttffE« l ©IMkflsfcPSrt - * -ti. WE* 1 ©*e*l 
#14, S9E»l©9fiBttlit«2©5feJBttJBt©nil©«f 

SdE7'J-JiO«2 0ffl»c«K«ittlBS»tt*Xg 
£. WEffiK»ttJittKrE7'J-IB«:a«W»c«m** 
•sciti:. itrE«ft©*fin&Hjrra!fc»©lB. flsio 

y^>^LT^>lJ-©»:|**aiJrr*Ig«!:. StlE-t> 
■tJ-ttJBl&tflB20JB»S:*r*^tt. t&E-fe 
»lRUC»2«DSB»k:fB2 0«6»{*:€:B»taXSt. * 
1 StfSI 2 CD 'J - F&t&tt-SXgi:. WE^lWU-h* 
t£1NE$ 1 0»«ttBHi««»ttb. IKEfB2©'J- H 



(6) 4#M 2 0 0 2 - 1 1 7 5 1 0 
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ttWE* 2 ©aattHKmauaat-r * c 1 1 swts c 

[0 0 3 5] 

mwommvBM] #%bjh4. asREsanswekiit 

jgft mss© »n c *tr -5 & *3 ** it b ^ 
T» 0 . E*tenfc*KMtt«I«tttt<0£ifi©»!Sfc*f 

(ciijE$ti«. : b©Ti4^< . &mRtf&®L\z'ft?mh& 

V >3S H tC *5 1 > T Eg* b ft * t) £> T & -5 . 
[0 0 3 6] t£&©TMR-t>1H4, Fft^&ESKfcf-f 

tt5fi£*CDTMR-fe>+H4. 40Gb/in 2 Ki. IP 
•fe, 6. 4 5 cm 2 fofzK) 4 0GbU±.<O&&T-nimi' 

t£3fc<Z>TMR^>1tm><oa>©fcj££WbTl>fc. S£ 
5tE©TMR-fe>-y-C07U— SJ4, fiSMMClfiltSClt 
20 T^BHT-fco/i. ifc&CD^J-StfatSlftKfilftSftfc 
U<h£te. fi£*C0TMR-ir>-9-W^t4^e { )(C^b^ 
fi£3l50TMR-t>1t«SSai5tcKftbT^*C7)^Ka 

*fe»Ji««fi£3l5«3!)TMR-fc>-tKOSB»t««att)ii:©m 
(cES$n-5t> Se*OTMR-fe>-t)-t4Mil»b^t3 

Ac. b^b. fe&nyv-mt'&mvmftm&miiom 

30 [0 0 3 7] *%BJ«. E©»#^bx- 

0*-j*R^>'->X?At4. 7'J-H3&0:tr>®Srta:W-5X 

lC5flJtS*f#JO*2C0ffiiJ«r*'r-5. tT>St4«S{tC9^ 
|pj£#U ?SSSi14S:Wt"S. tf»lC05S{l:©^[fi]{4> 4* 
^O^tcH^^nxt/^. tf>Ht47'J-)i<73*l O 

'J -« t tf >H t A' U 7)1 SRltilitt 

*4. d<7)73ffiR^->X^A(4. 7V-M<D%i2<DM\Z 
aKBttlBS:K»t*XS , b*rr*. S!Kiffitt^t4. 7U 

[0 0 3 8] *%BJ^4. TMR-fe>-y-(7)4#S©IISS©^ 
ffilCO^TE®^nT^-5. bA^b. yS!St#t4, ^©Tj 

w<Dmm<nmmiz-D^T*>%)m&)\zftm-?z>z\ tiz, « 

SfCfflSir*. ^blC. *%BJ«4#^(D77ffi©)III#(-?t> 
■p T *%BJ (c «t & T M R -k >V £ Mfc? 77 ft £ E« b 

so t^s. b^L. *%Bj«)5M#£{tA, a«t*ie*« 
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SJT*. SSfc* *5EB8tct*TMR-fc>U-tt-lr>U-* 

[0 0 3 9] #»WKJ:**ftRtf->^y/»i*J:0*# 
MlC^Tfcfei^ *5EBB»Cct*TMR-t>1tl 0 0^ 

0£^t\ 14 (a) , (b) *#BST*. 0 4 (a) 
tt, TMRt>*10 0, »10U-H122, IK 2 <£> 
U-Fl 2 4, Sl^t'^l 0 4, S2^V77" 
12 6, gl^*>-^H 10 2, RtfJB2<0$/— ;UF 1 
2 8SST. TM Rir >*y* 1 0 0 (DTsY 7^ y<DMc$ 

S^ffifcEH (a) ic^^nxv^o il0y-JI/Hl 

0 2 RtfKS 2 Oy-* F 1 2 8 \tmmffilzmi&*ltti£VX> 

0 2, 1 2 8 ©-t-n-^tltt, g^EX£n^^fi8 

1*^*41 o i tpotfy f (0 4 (a) ^la^-trr) <£>5& 

5W^<D«5ftcTMR-fe>lJ- 1 0 0 SSSSftWil^ 
ifflSrf*. Sl^ty7l0 4&y»2©^ty/l 
2 6H ASWI:tt«S»*tftt), TMRiz>1tl0 0 
§y-;!/Hl 0 2, 1 2 8*>S*»Mfc#«f JB 1 
O^t^/l 0 4«^tTJU^-^A^e>^^>^l<h^M 
JL^. I2^t7^1 2 6tt*ft7;U5^^A*^6 
ft*Ct3i«a*L'^. Sl^U-H12 2tt»l©3 £ * 
1 0 4K:J;D#1 (D">-;!/F 1 0 2tf>S#BllxTl^ 
-5<k5l:S$nT^5^ tR 1 cov-;!/F 1 0 2RtfffS 

1 <£> U — F 1 22 te^R^-a ;b-£"<E> CI 1 1> oJtcTfeSo Rl 
«C *2©U— F 1 2 4liS2©*t7/l 2 6 tc<t 
QSS2CD->-;i>F 1 2 8*^^«tUTV^J:'5fc:S$n 
Tl/^^ S6 2<0->-^F 1 2 8R«i20U-H 1 2 
4ttffi*'&fc-&«>2:i: J bnItET»S. TM 
R-fe>+H 0 OCOj^fflcOv-— Jl/F^^>— ;UFc7)X^— 

tt*«»*. I^5&'>-J1/H 1 0 4, 1 2 8RtfU- 
F 1 2 2 , 1 2 4 (O-^-n-etl^Jffl^'&to-ti-tt, zs—JV F 
1 0 4, 1 2 8±l:#Btt»tU-n 2 2, 1 2 4^ 

[0 0 4 0] 04 (b) QWZ2 ^n^AB S 
®, *VittH4 (a) l:*snfcBtt»fH0l*6« 
^LfcTMR-t>1t 1 0 0 &tfC*T. 04 (b) BTMR 
•fe>U-l 0 O&tfU-F 1 2 2, I2 4^t. 
yi 18, 12 OfciSnTl^, TM Riz >1t 10 0 

«> iBftcD^ipjSH^rsfcfe^Bi o 6, e>/iio 

8, /N* U 71 1 10, 7 U — 1112, RlflEKSBttlB 

1 1 6*wr*. TMRt>iti o ott, m^m&m 1 
1 6dr7U-i 1 1 2 t&rfiiztm&vz^-vm 1 1 

4feWt^ui^lJLK $etc, 5/-FJ0W«BI:WS 
ftTfeiK TMRt>1^1 00±i:tt4t 7 t:>^l 



(7) 4#r^2 0 0 2 - 1 1 7 5 1 0 

12 

(as#f) fcRyent^xfeiK s-bic, 04 

(b) \tmtfi<DJifa 1 3 0 Sr^-f. ftoT, TMRir > 
ItlOOttCPPtHTSS. 1SSI4 (b) ICS 
Sftfc«8lEl 3 Oc^frlCttLT^fif, 3UiK¥frlc» 

[0 0 4 1] fl^fc<&:#ft£H£1~£fc#<0Jl 106H 

fS]S:HS"rSfc«>^« 1 0 6te, tf >B 1 0 8 <7)^t^) 

^^i^a^-r^c tf>H i o 8J4»«ttT»*. tf>n 
io i osn mm<D&m&* xtt2^©5*«tti6*«tt 

l>. «Atf, — *ifi<B»ffifc*^T. tf>Sl 0 8U3 
A;i/F«-&£ (CoFe) Xtt— !y4rJM*£& (N i F 
e) T&£„ tf>@ 1 0 8 ®8Mfc©#lR]tt, 

ja^to^iPiiiSfiTft^^t^a^u^o 04 (b) ic 

[0 0 4 2] 7U-I1 1 2MSMBtt*WU fi20- 
20 lOOATWuitfiSUW ffi^j?^t)^fflpJtg 
T&<2>. 7 'J— B 112H r:yir (N i F 
e) , raAJI/h (Co) , :m;!/h*fr&£ (CoF 
e) , -^^r;U (N i) , Xtt*n6©tt*'&to14'*# 

ij-ll 1 2tt, #*Jl 0%CDgfe (F e) ^tt^HA* 
;l/hgfc-&£ (CoFe) T<&£o 7U-IH2H «* 

#)J*_te\ 7U-I1 10H 10x;^fyH*», IP 
%S I*fi^T«7 9 0A/m*aT*SJ:5&, f&X 
30 JWry Fa*©««***t«ut*«S l/Vi. 
T, l 2tt, Eftiiflci 0 i*K*iitrt# 

l:TMRt>D"l 0 0 3&**6*n*^»a»«tOt>**B 
tC/jN$^f*K^^^"r^>o ^(Dfzfr. 7U-I1 io« 
lEfltttttl 0 1 fc*«U TMR-fe>1t 1 0 0JcJ;£fE 
1 0 1 <Z)tt*&*£15te£S-fr£>. 
[0 0 4 3] AU7I10 8 5 -2 OAOS* 

AU7I10 8H 7U- 
1112 <htf >J1 1 0 8 t<OfflJd43tt€>* S^Ocfc-Sft 

40 $*t§. AU7110 8H BtfL7;U^ 

[0044] sisaiifi ii6H #j l o 

0 - 6 0 0 A ©SS t-6 C t ^Si l/K ft!l<7)/?2 
£8UHLTt><t^o MttH l 6tt, nJWh&G 
£ (CoFe) , ^AJl/h^DA^ (CoCr) , n 
A*;Uhi7PAe^-&^ (CoCrPt) , Xttte<0«» 
Btttm^WUTfcJ:^. ^Hfi&ttJIl 1 6ta, 7 'J 
-IBtD«fi&rt«k 0 bttmzX£Ufc&tl& : &'T2>&&'& 

waattiH i i 6<D«a*tti. oooxji/Xr 

50 EPtSI*«T7 9, 0 0 0 A/m^rlg^^Cl 
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t*«a*un. ^bti, w»»teiBi 1 6H TMRt 

>U-10 0RO«B8ttil 1 6 S$n* 

[0 0 4 5] ®Hai4)i 1 1 6<7)»»^**±fE<0cfc-5T 
£>*fc#> SlKf&ttJIl 1 6©«tfiD*iaHTMRt> 
it l 0 o oftff 0WflftSnfcttl6i:«l#*ft4. fto 

t, 1 6CDmt©*iRitt. mnm&mi i 

6COiBVi«fi£^llctO, TMR-fe>it 1 0 0(^)®j^CD 

BB. £5£T**. »fT*t. BUBttil 1 6«TM 10 

Rt>u-ioo©iffm »36*nfc*fRiK:a<t*«« 

J^^n^o Sllttil 16«7U-I1 1 

2JfcB«MKfll|fiia**fc«>K:«fflPl*ET**. 
Itll 1 6te, *®fc*««Mfc««*«#U 7U- 

ii 1 2s»je<ta*«. 

[0 0 4 6] S£Kffl4Jl 1 1 6 39*7 U— B 112 £fi&gv 

©««#«#fl:sn*. z*>\z. 7'j-in 2\tmm 
nsBifii, 7U-n 1 2&mm>&)iz.ffi[£)-£i±z>ib<D 20 

^^^_^n^>o WAH 04 (b) C^tlJtTMRt 
>+M 0 Otc43ViTtt, SMKfi^ltli 1 1 6H7U-11 

nxt^, Mttll 1 6tt*^*lRK IP 

4o fi£oT. ®Kai4Jll 1 6^^i^t 7'J-I 
1 1 2t;:43i>TJSKffittJil 1 6<0»ft<B:*ra£K¥?T 

fcT, SSWil 1 6^60BWt B£ 
S*tlfc*l«^7 U— ■ 1 1 2 S:flilft***c:t*<^IjlE 

«Md, 04 (b) (I^$n/:£*©a^J:^ 30 
3tt«K«tt»0«B«* 6 7U-ill2tT 
i^L, 7U-I11 2 0Sa<t©*lftIttBrao*|R»c<iia 

££tC, EI 4 (b) , 115 (a) K:S$n£«fc 

iHittii i6, ii6' ®fnfnu7'j- 

1112, 112' ©^■n-€ r *l©±XttT^*«. B^ 
tt5SK»14Bl 16, 116' ©*»fcJ:*te<0T* 

*>„ c©a#»4, 7U-H i 2, 1 1 2 • ©-en-en 

£{Plf£]£-&£o «»UfcSB»*«-U. 7U-11 12* 
OT{B"J^»*«K«ttJil 1 6' ttckO«|PlSnfc«» 
S4A§o SEoT, 7'J-Il 12, 1 1 2 ' RGftlK 40 

[0 0 4 7] 0 4 (a) l:SSnfc«Jt8ttI 1 1 6 CO 

tE^(R]±«Cit)fl»Lfc 1 ®KfiS14Hl 1 6©6&ft: 
©^ipJtCASBSt^U-li 1 1 2 i©*£-&£lfi!LbS-S 

6fc»cn OTffin 1 6 

fittll 1 6te, £©cfcp&BEJtfi&teJf 1 1 6©JBafc 
ck0*fltSnfc«*0)3ft«Rtf^lRl*c«k*iRi±bfcB« 50 



1$i2 0 0 2 - 1 1 7 5 1 0 
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«45' LafcU sis 

[0 0 4 8] X^— ttJB 1 1 4 fefffl^n^Ct^IS 
Lt>. X^-itffll 1 4tt#BttT*D. S*U<tt» 
«ttT»*. fiSKffittBl 1 6<h|ptf$K, tMll 
14t>, >J— HI 2 2, 1 2 4©ffllCl!gBlcSlittfc;frft 
T-^C P P0D^STa«St^8!tn4ct 5 KS-arfc&R** 
fe4o y-H 1 1 4te, WKBttHl 16S7U- 

ii 1 2fr$»#mzmmto\zftm+*it9b\zmmi<ti 
4o -e©*sm, mwmiz&^m&m 1 1 6©J8***&© 

Bl^^^^^U-ei 1 2 £{i[p]£-ti:4o 
1 4#t»snt»6lt EE3Cffi4IIl 1 6tt7»J— H 
i i 2 f:*tLT^{:^^n^o -e©#£S, 7U-1 

I 1 2«®KBtt«JCct0B^M»c{H^$n4OTtt^ 
<, «#Mle:W««teJil 1 6tc:J;0BJ£*n*. d© 
«k5tt3**tt«a«^47U-»l 1 2 12 

1 0 1 lCck0£/£3n*KI?.£@A£g£lcST 

*ajp***jit3&«*«. fot> 7U-ii 1 2&mm 

<Djj&\zm§m\zffifa'2li:Z>ft*l>* &Z£7 U ^ 

i H^ffl^n^u^aitK x^-itii 14 

te, — »W«wtt5 0-4 0 0 ATfcD, ^>^JU (T 
a) Xteipf (Cu) 0±iJS:»«tt*8tt#***t5 
Ht*«a*t^. 7'J-H 1 2, SEKSStt/il 16S 

i i 4*^*©TMR^>ittcflefflsnT^fc*fea»Jc 

SgKl&ttli 1 1 6 <h7'J-1 112 i©m©»»*S'&tt 
7'J-ll 1 2 £iI«tC(IftSi2:*©lC+#T&*. 

[0 0 4 9] 15 (a) te, TM Riz >it 10 0' (Dffi 
<D^m<OWM&7rC?* TMRt >it 10 0' tt, 0 4 

(b) tcS*nfcTMRir>1t 1 0 0 ©Hf/# 
«J 13 4 (b) RM5 (a) Sr#SS"T*. T 
MRi!>^100' l:ttTMR-fe>*l OOtBilC, 
*J«tttCf3^£ftbT^*. #J*.te\ TMRir>itl 0 
0 ' CD7U-I 112' te, TMRt>1fl 0 0O7U 
-HI 1 2i3^-r^>o L*>U «jStt©«***i»K:tt 
oT^£c ^CDfctf), Bft©:£ft*H^t*afcft©li 1 

0 6 ' *TMRt>U-l 0 0 ' O±S5^*0, iSSfi&'l* 
1116' teTMRil>1t 100' (DT&Uz$>2>. 

U TMRir >it 1 0 0, 1 0 0* Kfct^T, 7'J-l 

112, ii2' ©-t-n-ena, mwjjfi 1 

0, 1 1 0' co^{I e fcoThf>fl 1 0 8, 1 0 8' £Df 

n*n*5»ni3ftTir^. iiittii i 6#7«j- 

II 1 2©±»fcfcD, ^KJ&ttJI 1 1 6' ^7'J-l 
112' ©TWfc****. «K«ttB 116, 116' 
«, *7'J-il 1 2, 112' OAIJ7B110. 1 

1 0' iK*HBlc«*. ^^fi^tt^l l 6, 
116' «, TMR-t>ifl 0 0, 1 0 0' (T^n-^n 
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16, 116' H 7U-I112, 112* 
lC<ifp]^i±^fc*, 7U-I1 1 2, 112' 
T&O, W^S^tt^o foL TMR-fe>+M 

0 0, 1 0 0' tt, R|— (DflJ/aSrWf*. 

[0 0 5 0] TMR-fe>U-l 0 0, 1 0 0 ' <Bf»J,-£«:S 
SKftttWlcEttf*^ . 05 (b) -6 (b) 
Brr*o 05 (b) tt*»^JCJ:STMR-b>1t 1 0 
0* <Z)-||ffiOJBIiO«a»»C*W««»<0ffJ|[«S* 
"T^? 1 5 OT'M. fflBWtt* TMR"tr >it 1 0 10 
0, 1 0 0' *«8E»ii*Srtt*Biai:*»-S6$tl«)a 
»©aST**, ^77 1 5 011 JMKESttlf 116, 

ii6' (D^n^tico^mt) 4 5° ^{w^wt^t 

ABSffiKl*3l>T, *SMi:ttfi2 5 0-3 0 0x;i/X 
T7 F» W% S I *tt*Ttttt 19750-23700 
A/m©«»*£ritT*. ^77 1 5 0H TM R *ir > 
•9-10 0' 0MRJtttffl^M^JSJKT**^<tS:*-ro 
l 5 0§i2l:S$nfe^77 4 0 
i:Jt»T*^t^cJ:0te7&^ o 0 5 (b) £Wtf#BB-r 20 

7U-iii2, 112' **a»w*c«iej*nTii 

[0 0 5 1] 06 (a) te, *^0Jt^J:^)TMR-tr>it 
10 0' (7)-*J6(0®ffi©«t«»^*W«)}S«[«{tOW" 
S{fi£*T£^:7 1 6 0T&£o fi£oT, TMRir>it 
10 0' COj£«F#MRJt (AR/R) ^6MR (A R) 

y77160tty57150tW- 
T**o ^7 1 6 0*>Sfc>*>*«J:'5lC, TMRt>^ 

1 0 0 ' j&ilSflsWfcS S*n*«#CDteH£iBA*«J?. 30 
fc*3HTttttl 5*-AOJJB«**-r*o i^7715 

0, 16 0ttTMRt>itl0 0' ^O^TCD^^*: 

*«, TMR-b>-9-i o ofcraaj^fijjasrwr*. tie^ 
t, TMR-fe>it loo, i o o ' n ^nf nsii 

41116, 116 f Cil), n»K»»C»LT»»<0 
J6«**U W^*BKT*57 , J-)I1 1 2, 
112' ^tt^o 

[0 0 5 2] 06 (b) te, #5£WCcfc<5, 
L«UcffiI^tlJtTMRt>f 10 0' H 

mowm<Dfo&*7frr#7 7 1 7 ot$>£o tmr-iz> 40 

ItlOO' te, 50A<2^DA (Cr) , 4 0 0A£>3 
Wh?DAa^ (CoCrPt) , 100A<£>^ 
>^;U (Ta) , 40AO^ (Cu) , 70Aco<U> ? 
OI±-?>13>&& (I rMn) , 2OA0a;\'J!/b^ 
£ (CoFe) , 5 A<DT)l$J-* 2 0 AOn/Wl/ h& 
^£ (CoFe) , R{/2 0A^7^»^ (N i 
Fe) ^77 1 7 0^e > W^i7C> TM 

Ri3>itl0 0' ©J6*ttMlW<tanTV^ft. i^77 1 
5 0, 1 6 0, 1 7 0«TMRt>1tl 0 0 * ICO^T 
(Dif^y-efo&tf. TMRt>f 1 0 0 feTMR-fe>*tt 50 



4#g3 2 0 0 2 - 1 1 7 5 1 0 
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10 0' iR— ©*Jjft«:WT*. 
[0 0 5 3] H7H #58WfcJ:*TMR1:>1J-l 0 
0, 1 0 0 ' €rRtt«>fc«><B#te2 0 0CD/W U^;l/7 
D-^-H&iR-t. Ig2 0 2l:j;0, ?4iK14e>Ji 

1 0 8, 1 0 8 " **Rtt&n*. Xg2 0 4{CcfcO, A* 
U7I110, 110' *Wt5n5. A'U7111 

o , no' B7U —m 112, 112' (D^n^nt 
tf>@io8, 108' <D j tn j ent<Dffi\z$>2>* x@ 

2 0 6 CJ:0?l«tt^7U-I112, 1 1 2 ' 
6tl^o X©2 0 8 lz£0, Ts^-VM 114, 11 
4' #»ttSft*d£**3SU^. ^-tll 14, 

114' 7U -ji 112, 112 co^-n-^n^, ' 
a-'j 7® i i o , iio' ©tn^ntEJtftiitttt 

I12 10CJ;0gSffittI116, 116 1 ** 
Jt6ns. B*8ttill6, 116' ft 7U-I1 

12, 112' cs^n-eno, AUJiiio, ii 
o' ©-tn-efttswfli^**. ssittn i6, i 
i 6 ' a*'*— *ji 114, 114' o*n-ffti:iB» 

ttl^ 0 -?:<Dfz&, ItBl 14, 114' teS 

116, 116' CD-tn-^nt, 7 U — B 1 1 

2, 112' ^n^nt^racttit*. 

[0 0 5 4] H8H *%0J{CJ;^^rffi2 5 0<E>£ SIC 
#»7D-ft-h^^1*c *S2 5 0H TMRiz 
>+H0 0' , RtfKTI:Ett«»TMR-fe>1tl 0 
0' ' LTKitSn*. ^ffi2 

5 0^TMRir>it l 0 0 &WLtfZ>£^\zh®%\zm& 
-T&o JS2 5 0H f^ag»tC45»*TMR-fe>U-l 0 
0' ' <D— HlWi^*tg|9- 1 4lcS£oTfE«S£ 
n^o TMRir >it 10 0' ' teTMRir >it 1 0 0 ' 

0 6' ' (hlT^AFM^ttSo TMR-fe>tH0 

o, loo 1 ioo' ' it *ft©«jafe#aLT#r 

[0055] 08-14 S:#Hg-rs 0 Ifi 2 5 2 Id «k 

^ico^-;i/FR^si^)^^^y^^^n^o 

fBlO^^^y^tt, Xg2 5 2*C:fc^T, ft 1 £>~>-JU 
F±»CRfrt5ft*. fit, XS2 5 4JC*5^T, £§1 
©U-H122' ^RW&ns. L^L, gl^'J-H 

122' ^fgi(7)*>— ;i/KJc^snst#n, ffsico 

£<h#te, *io'J-H 12 2' \i % mi<Di"-)lFt 
nWCWtTfeJ:^. TiffiH, IP^ *>- KJitfIS 2 5 

;U (Ta) ?5^ft§:^iJUic fLTI§2 5 8 

tc&^T, ffiKftttHl 1 6' £fc*w»a«RW-sn 

— MM>W*K:*5^T, BBittHtt. 5 0-10 
OAO^DA (Cr) 1 0 0 — 6 0 0 A<D3/N # ;Uh 
a£££ (CoP t) Xtt:n/Wh«^& (CoFe) 

[0 0 5 6] y-iai 1 4' t3te*^#l^«±© 
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#«ttB#IS2 6 OT»»en5Ct*<aiLli. X 
It^LK — *S6©W«K*5ViT. I82 6 0T 

»i*sn*#»ttBtt* 5o-4ooa©^>^ (t 

a) fr$UZ>o ^1X18 2 6 2lC*3^X, 7'J-fl 

12' t Ltftflsn* i ^tt±oi*«»tf &n*. - 

nffi,V>BW>\Z&\,*T , CCD 1 o£Lh<7)JIte, 10-50 
ACD" ^y-JrJUJc^^ (N i F e) <DM£. 5-2 0A<£> 
JA'Jl/hK^ (CoFe) Ig2 6 4 

lC*5^X, AU7I1 1 0' tfcSlfeftto&TOttSn 10 
So *fe**Mi. BMt*tlT7;U5^-ttt*. 5-1 OA 
cDJJl/^zi^A (A 1 ) SMt^ilt^Si X 
S2 6 6IC*$^T, bf>Bl0 8' tUT«fflStl*l 

8t::*5^X. ffiftO^ft^H^TSitftOB 1 0 6 * t 

lC*>V>X> «<L®*l«*BS"r*&»CDB 1 0 6 ' 

S e 20 
[0 0 5 7] 19(1 »<t©*[p]*H3£TSfcft(^« 1 

0 6' \zmm^^un^mt^>nrzm(OTMR j t>^'i 

00' ' ZtjkTo Il©>J-Kl22' t)S$mt/i 
So TMRir>lM 0 0' ' tt, TifiB 132, &5fffi 
14B 116'', X^-^H 114' \ 7'J — B 1 1 
2' ' ^LTffiffl^n^Mttl, AU711 10*' 
ttt*^#l6l»#:, tf>Bl0 8' ' tfcS^ftb,^ 
filttB, R««<tO*lft*H3£T«>*:«&«)IBl 0 6' ' 

iftcoji 106' tt, #satt<7)x^— yji 134, sats&tt 30 

1136, Rtf AFMB 1 3 8 — iU6<DJBffi 

l:*lst, #BttO^^-1tI13 4H 6-8 AWU 
7-~0h» (Ru) *>S&D, Hlfittfftt. 2 0Aco=iA* 
;U (CoFe) frt>U*}. AFMI13 8H 

5 0-1 OOAco-fU (I r Mn) 

XH1 0 0-3 5 0A©e4*7>^>^ (PtMn) 

[0 0 5 8] I§2 7 0l:*UT7* hl/y7 Mfcjg** 
Ktt^nSo 110H 7*hl/^hifil4 0St 
TSTMR-tr>+H 0 0 ' ' SSt. 7*M/^h« 40 

ii4on mi o\z7fk-£nz>£oU2m<D7 * M/y 

X h«iftT**dfc^a* L^o IS 2 7 2lC*3^X, 
TMRir>1tl0 0' ' <24®#«j£$n5o TM Riz > 
U-tt, 7*hl/yxh«ai4 0S:77?tLTttfflL 

>^l:J:DSgn^#i^l^, 01 lte, TMR 
-fe>-y-£Si5rr-5Ig2 7 2 0St<7)TMRir>1t 1 0 
0' ' £tk"To Ell 1-1 3l£S«*nfcTMR-fe>1j-l 

oo' ' (ossaRttflfi^UT^^ja^ 

*«tf9t>a*Lli. 50 
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tO 0 5 9] 112 7 4IC*5^T\ 1 0£Ut(&*fe»B** 

T?i$n^)o t£oX, TMRt>-!tl 00' ' OflfflS: 

So H12H Ig2 7 4i<ffbnfc«©TMR-t>U- 
10 0'' £S*to TMRii>+l- 100'' COifflgRcD^ 
t7/118' ' , 120'' tfmibftZo 7* his 
y7 htiiil 4 0H ^t77"l 18' ' , 12 0' ' 

&mfz>fz®\z&m Lfc*6*Bo-a 1 4 2^x^t 

So tCDfztb, ^t7/118' ' , 12 0' ' rtUEl 
CD* ffitC J: 0 JgfiJt rTIET <fe S o 

[0 0 6 0] ^0tlg2 7 6i:,i:^ "J 7 h * 7 SEE 
jWrfctlSo Xg2 7 6Xff:bnSU 7 h^JJDXte, 
2BCD7* M/y7 HStift 1 4 0^^-TSo 

^t77ll8' ' , 12 0'' 
<£-gR 1 4 2 feBSSn*. B13H IS2 7 6 t£:fc 
t^TU 7 K*7flIX**fTtonfc«©TMR"b>1t 1 0 
0' ' Ztk-To *<Dfz#>, 7^hl/yXMi|140^ 
Zft&mm<D— fflSl 4 2te|&S$ttT^So L^L, 4 s -V 
7^1 18' ' , 120' ' , TMRiz>itl0 
0' ' , &tf»J — F12 2' ' ttSotl/iS, @^LT 

[0 0 6 1] IS2 7 8 JC&l^X, S§ 2 <Z) U - Frt*RW- 
Ii2 7 6©'j7ht7lDll:«kD, U7h* 
7»l:AFM113 8*«lUSns. ^£>«£Jil, TMR 

-fe>itioo' ' fc»bT*«»«c*wflj-r*c:t3&«^r 

HUH Ii2 7 8fl5»7»OTMRt> 
It 1 0 0 ' ' ^(Dtzth, 2 

4' ' bSSnx^S. X@2 8 0 £45^X352 
y^R«JB2fl!)S/-;UF«r»aUT'b«t^. L^U SR 
20U-K124' ' *<fB2CD">-;UF^«aSgttStl 

i2^t7^i«»tTfc«tK SSfc, 
ft«<0*M<DJBffifc*^X, M20U-H124' ' X 

tfi2©y-;i/H (Bs*f) \tmn\zfm*^t.im 

ftgX&So 

[0 0 6 2] ^^2 0 0, 2 5 0 ^fffllT, TMRiz 
>1tl00, 100' , 100' ' £l£ttS ZL th^pjfg 
X&So £<Dcfc'5fcTMR1z>1* 1 0 0, 1 0 0' > 1 
0 0' ' \t. 7U -B 112, 112', 112' 'CO 

^X, TM Rir >1t 1 0 0, 100' , 100' ' \*& 
MitZftZo *S2 0 0, 2 5 0tt«O7k! 

>;^U^ir>ltco^SSy v 'D'iixii^iUbx^So -t<afc 
*Sffi2 0 0, 2 5 0H *B»MfcfMUCfTfett*. 

[0 0 6 3] 7U-B©±aXttT»©«K«ttBS:tt 
fflLX, 7U-BS»»(HlRlS*fcTMR-b>1t£ia:W 
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[0 0 6 4] 

«fcftfc*^-*B#IMiSn*. X'*— tfaamrBS 

sn, 7»j-n»4a«Wfcfliifi[isn*©Ttta:<, 

**a*ll#tt7U E»«»»CJ:0* 

l-J:D, «IiJWfc««BttB©*»*&©B»©***:7 
[0 0 6 6] 0-. 1 1 lclB«*nfc»BBK:J:* 

«Ka*aoJB»tt»fa©«»**u, 
«jtattao*»fc,to*dt*ti3ta*o3§i«fttK*iRi 

«tD«fRi*nfca»Jc«to* y *) - mmmmmzttL 
xmmizfc&v, *jta*aK«jeifc#'r*c:tt«i: 

30 

[0 0 6 7] IS^JSl 4 7}5 2 7fcK*Sttfc*tttt. 
[HBOfflWftRft] 

[01] (a) ft*OTMRt>U-©OTH, (b) fi£ 

®0 O 

[12] B«WK«lRlSnTi^ft^7U-a«:*r*ffi 
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[S3] ftHcDSe*cOTMR-t>it€^^lC$8$n^ffi 

[114] (a) *5EKJC<t*TMR-t>-tl-<7)--^S6C0» 
fgtf>flMEU (b) #5E^lcJ:5TMR-fc>1}-<0-- mW. 

[05] (a) *%BJtcJ:^TMR-fe>itC0— g;M<DM 
a*S*l-*6*tl*iB^6«S*U/S:¥ffiH» (b) * 
Kck £ T M R -fe >U- ©— *J(S©»»©JiKS©flljBOa 

[06] (a) *5S»l:i5«»LfciI*tt4TM 

-7, (b) *J8Hi:J:S«ftl/fcOTS*tSTMRt 

>itcD— njfiojBaojtsfesfy^ 7, 

[07] *5EW^«tSTMR-t>1tS:ti#tT*fc*02|5: 
[0 8] *«MfC<t*TMR-fe>ii-*»#tT«>fcft©* 
[09] f^«WFfc45tt**ieWfc«k«TMR-fe>*©— 
[010] f^BRPK:45*t«)*»?8iCck«TMR-fe>1»-© 

[0 11] f^BWf^45«-3»*»?BfcJ:aTMR-b:>'y-0 
— HMco^?J^^T¥®0c 

[0 1 2] f^B«K:*W***WK:«t*TMR-fe>l*-o 
— HSgco^ffi^^T¥S0o 

[0 1 3] fPBKF^*5frt«)*%Wtc:ct^)TMR-fe>1tO 

[0 14] f^BB*^*tt-2>*«^^«t*TMR-fe>1i-C0 
[f?#Ol»0J3] 

112, 112', 112'' -7'J-I, 108, 1 
0 8', 108'' ••• tf >Ms 110, 110', 11 
0' • -A'JJl, 10 1-«#, 13 4-^- 
U-B, 12, 13 8-gMttl, 116, 116' , 
116*' -BEKBttB* 122', 124', 12 
2' ' , 1 2 4' ' -iJ-F. 
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